cascade Polymer Complexes, 
P.ocess .or t.eir Production and Pharmaceutical .gents 
containing Said Complexes 

r-^lates to new cascade polymer complexes. 
The invention relates to , .„ 

the use of the complexes in 
t-hat contain these compounds, the use oi: 
agents that cont production of these 

diagnosis and therapy, and a process for the pr 

confounds and agents^^^ ^ ^ ^^^^^^^^ 

The contrast media that are no rwpT^ 
... t^rocesses of nuclear spin tomography (MRI) 
for the modem imaging processes o 

r.y.^ (CT) [Magnevist''^* , Pro Hance''^' , 
and computer tomography (CT) [Magn 

^ •or.a-nWl are dispersed in the entire 
Ultravist^^' and Omniscan ] are Qi P 

11 lar space of the body (intravascular space and 
extracellular space o .^^^rises about 20% of the 

interstitium) . This dispersion space comprises ab 

volume Of the body^ M.X contrast media were 

In clinical practice, «= 
use. success^uXlV in ... di.^-^ ce.e..al sp n.X 
«sBes since here a quite special situation exists 
disease processes sxnc m the brain and 

■th respect to the regional dispersion space. In 
With respecTi u h^althv tissue cio 

^ extracellular contrast media m healthy 
spinal cord, extracel blood-brain 
^>,e intravascular space because or tn 

for these extracexxiix ^t-^^^c 
. » -n Barrier Permeability in Astrocytic Gliomas. 
Blood-Brain Barrier rc 
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■n Barrier Permeability in X.«ocytic Gliomas: 
...c.-Bra.n Barr. ^^^^^^^^^ ^^^^^^ 

,,pU=a..o. o. S»a _ ^^^^^^^^ ^^^^^^ _ 

• ^i3sue by 

identified with hign contrast relative 

. • this disruption of vascular permeability. 

„o such 

outside of the brain and the spin ,„„trast 

• * fr,^ the above-mentioned contrast 

•^■""r rr r.r-r. .< — — , 

into tne ny" ri-rculation 84: 

Riood Volume, circuxawj. 
estimate of Transit .i.e and Blo^ ^^^^^^^ ^^^^^ 

Thus, the — ^ 
icnaer dependent on vascular permeability, b 
no longer aep corresponding tissue, 

size of the extracellular space m the corr 

of the vessels relative to the surrounding 
Delimitation of the v possible. 
. . .vitial space using this contrast meaium 
interstitial sp dispersed exclusively in the 

A contrast medium that is aisp ^ 

„ould be desirable,, pfcticularly for the 
vascular space would J ^ blood-pool agent 

visualization of vessel.. The purp ^ tomography, 

U to malce it possible, with the aid of nuclear 

, • tissue with sufficient blood supply from tissue 
to delimit tissue w 

.sufficient -l^ited, based on its anemia, from 

"'"^^ : irit^rri clic tissue if a vasal contrast medium 
surrounding healthy o , , . „ the point is to 

is used. This is of special importance .f , e.g 

^- -. ^r,i-arction from an ischemia. 
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„-»-r-ies^ have to undergo 
. J *.^^aii7ed countriesj 
.ea.n in Western .ndus«..lxze ,ia,„„s.i= 
+--^ tests In angiograpny « f 
,„,,,ive .iagnostxc ^ . ^^_^^„^^i„i„, contrast .edia is 

„diolo,V "J,, suffer .ro. various dra«.a=,cs: 

.sed in particular. These 

- ^« — - "":::rs «.i=---« 

- — r: _„taini. contrast .edia. as 
b,ve the effect that ^^^^ ^^^^^ ^^^^^ 
compared vith «HK contrast »edxa_,. *.ave t 

concentrations. ^ /„,,, ^or H«R media which can 

There is therefore a need compounds are 

, =„»oe (blood-pool agents) . mes 
„arX the vascular space (b ^ ^^^^ 

• v,^^ bv aood compatibiia-^y 
be distinguished by go ^ _ 

rniaVi increase of sxgneix 
effectiveness (h.,h ^^^^^ ^ ^^^^ .^^ 

.hus far, the attempt to sol 

«™t^i exinq agents that are w 
problem by usxng complex.n, ^ ..ccessful only to a ' 

..cromolecules or biomolecules has been 

Umited extent. /„amagnetic centers in the 

,,.s. for „ ,..ent application. Ko. 

complexes that - .or satisfactory 

0 088 695 and NO. 0 150 844 1 

imaging. .„,fvsd is increased by 



Bed. 2^. i«8 (1983)]. 



^ suitable .s contrast media 
Haoromoleoules can genera ^^^^^^^^3 injection in 

an,io,rap.y. But .ours a.t ^^^^ ^^^^ _ ^ ^ _ , 

a.u.in-=.- ^-^Xuf:.- — - ^^-^^ 

concentration in tne X.er - _ .n . 

^ose in addition, only 
the dose. 

hours. wivsine-GdDTPA (European Patent 

,ue »acro»oXecule poiyxysxne^ ^^^^ ^^^^ ^^^^^^ 

.ppXication. ,..„ction, 

.3 .Xood-pooX a,ent. Bee ^^^^^^^^ 3..es 

...pound consists o. a .rxtur^ ^^^^ „.„o.oiecuXe 

excretion tests ^^ ^^^ ,,,«..ion tnrou,. the 

is excreted unchanged W , ^ 

Due to factors relate ,^cuXes that are so 

Xidneys. „ „acromoXecuXes 

..at thev cannot pass ..„s remain .n 

in the case of gXomeruXar 
Xidneys J,n tne ; 

' J „r. carbohydrates, 

the body. n^rast media based on caro I 

,,30. ''^^'^"tlled (European Patent .PPXi=-i°- 

.... dextran. have „bac. of these compounds X^es 

^.ication «o. 0 3.e . -^^^^^^ . Of the 

\„ the fact that the latter g 

430 863 already rep molecular wexght 

«... no xonger e^ibit ,„.iousXy mentioned 

heterogeneity that are chara^ 

polymers, .hey leave something t 



. . .^ion compatibility, and/or 

regards complete 

effectiveness. ^ ^^^^ available new diagnostic 

The object was therefore o ^^^^^ ^^^^^^^^ ^^^^ 

. -..^iv to identify and locate 

.Cievea „..c. consist o. ni«o,.n- 

.ontainin. cascade poXV-ers 

- - "^^^^^^^ o. ino.,a.ic a../o. 

K^_a3 and optionally ^ . .u 

39, 42, 44 or S7 33, „hxch 

ar'iAs or amino acxw 
«,anic .ases, " ^ surprisingly ver. 

„p.ionaXly contain -plated 

, , ,^ited for the production of NMR 
well sultea ,.„„„rt dra«baclcs. 

.,*ibiting the ment.one ^^.^^^ ^^^^^^^^^ 

co»plexin. cascade polymers 
_ aescri..d .y .ene»^ ^ 

containing cascade nucleus of 
stands for a nitrogen- containing 



in which 
A 



'^,,e multiplicity a, ■■ ^ ^.^^^^ 

_,q=ntlv of one another, 
X and V, independently reproduction 
.ond or a cascade reproduction unit of r P 

..itipiicity -J y. ^^^^^ , 

, and W, independently .„,UpUcity z or « 

reproduction unit of repr 
..ands for the radical of a co.plexin, , 
stands for numbers 2 to 12, 



K 
a 
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X, y, z and w, independently of one another, stand for 
numbers 1 to 4 , 

provided that at least two reproduction units are different 

and that 

16<a'X'y*z-w<64 
holds true for the product of the multiplicities. 
As cascade nucleus A, the following are suitable: 
nitrogen atom. 



U 



N— CHa (CH^)- 



U 



-N- 



U 



-CH. 



-N 



U 



X 2 

_lp u 



\ / 

N CHj CH*— N 



2'm 



/N4-CHV— CH, 
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2 U 




u 
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R C(M 




U 




in, which 

„ an. n stand for nu»l=ers X to 10, 
p stands for numbers 0 to 10, 

stands for q' or E, 
stands for or E with 
E meaning the group — (CHj)o — CHa' 



whereby 

o scands for nuri^ers 1 to 6 , 



°. stands for a hydrogen ato. or and 

^^-^^ T : t::ri.h «h.=. o..ona.y . 

substituted with X to 2 OKO groups. 
. as for a branched or unbranched C,-C„ alkyl 

:rr: .tro. a.ino, carbo^Uc .id.group or for 

V. of 0» elements corresponds to base 
whereby the number of Q elem 

multiplicity a. ^ ^^^^^ .multiplicity a- = 

..e nitrogen atom, whose three ^^^^^ 
. — 1 aver" (generation 1) are u 
3) in a first "inner layer ^^^^ ^ 

V or Y (if X stands ^or. a aire 
^production units X . ^ ^^^y , represents the 

^^y, rase stand for a axj-e'- 
. and . in e.c^ c ^^^^^^^^ ^ ^^^^ three 

Simplest case of a c ^^^^^^^^ ^^^^^^^ ^ 

,,..ogen ^ ^^^^ ,,,,„,...,on units X or V or 

,ave been ^^^^^^"^ ^ ,o„.ained in cascade 

in this case, the number of Q 

v>ase multiplicity a. 
..cleus. represents base ^ ^ ,.oups. in 

reproduction units X, , . ^ ^.^^^^ 

r,<= a hydrogen atom or .Q ana « . 
which means a hyd g . respective 

V. of elements contained m the r p 
The number of U « t-o the reproduction 

rr X) corresponds to tne xc^ 
reproduction unit (e .g. . X) c 



10 



«f . The 
X in the case of X) 

of co^-^-^^^ invention contain at 

:r - - " Cin ca. . .iva.e. 

1. can .on. on. to a --"^^t^, . t. .o.-..-on. 

ions, . P«^«^^^ ^ . 

atomic nunOoers. reproduction «nit W bound to 

Xa.t generation, x.e. , ^ ^^^^ ^ ,..0 Q 

.ple.in. a.ent radical K. . „,ae t.e 

complex Q 
„ith Q' ^ ^ ^ ^3 linked together B 

.ding reproduction unxts ^^^^p, (e.g. . 

pleading ^^^i^tion reactions) and 

groups te-9-' 

alWXation reactions) . ^„ invention . 

" cascade poly-er co.ple.es ,.et one of 

of 10 generations (r-e-. molecule 
e^d^ibi. a maKimura of 19 9 ^^„ent xn the 

X Y and Z can « p v/hich at 

^production units X, ^ generations, m 

least t«o of the V 

. »re indicated which . 

different. ^ ^, ,^ose are l 

^ p^ferred casca ^^^^^^^ 

aer the .above -mentioned gener „j,iy for 

fall under tne especially pr 

, „ stands for nutters 1 3. 

„„„toer 1. especially preferably for 

„ etands for hungers 1-3. eP 



nutnber 1» 



) 
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o 
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stands for number 1, 

CH -CO or -CH^'-^ 

, stands for . " 

stands fcr a -CH,OT - J ^^^^ 
,s further preferred cascade 

^Xn parentV^eses, ^^^^......icn is used xn 

case «.ere su.se^ent .ono- 
....din. next generation, ^^.r^ ^); 

Tcis(aminoethyl)a»>-"« ' = 5 or 3) ; 

„is (aminopropy;)*"^"^ ' „^ , 

diethylenetria»ine ,^ = 7 or 5) ; 

triethyl-n-*-""»'"" = 6 or 3) i 

tri^esxc acid ^ , ^ 



(a = s) ; 



trimesic 

. 7-triazacyclononane 
1,4,7-tria _ lododecane 

1,4,7A0,» P tetradeoane , (^ = 6); 

X , 4 , 8 , "-^f Lzacyclooctadecane ( = xo, . 

1,4,7, 10,13. Is-Mxa _j^^^„^cy=Xotria=on ^ ^ , 

tetrakis(axax ^^^^^^ ethane, 

n -i-tris(aTCtt3.nometnyxj 

' Lo^vl^-nittomethan. 



= 6 or 3) 



,,l,l-trisC-»i-— = 6 or 3K 

„isCa»inopropyl) " = s or 4, : 

, 4 6-triamino-l'^' ,^hoxvlic acid amide _ g or 4) 

5,7-adamantanetetracarbo^i ^^.^ 

3:3'. .^.--^^-ttreT- ,..tetracar.o=.Uc ^ ^ 

e .1 34-octaaza.lcycXoe..S.SlHexacosan 
1,4.7, 10, 13. l*'"'^* 
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. • „ as cascade nucleus 
. that the definition as ca 
Xt can be pointed out ^.^^^ 
thus the sepa.ation of cascade n ^^^^^ 
A and tnu selected by purely 

reproduction unit can be sel ^^^.^^^ „,„de 

^Av of the actual synthesis _ ^^^^ ^„ 

independently ot (amnoethyl) 

Thus, e.g.. itself compare 

polymer con^le^'"" ^. ^^^^ ^^.i^^s A .tse 

nle 4 can be considered ^ „ith « - P = 1' 

nell formula, indicated first - - ^^^^ ^ 

T:"h o .eai^in, nu^er 1 and - - ^ ^^^^^^...n 
nitrogen atom I 

.-CH,— CH.— « 

e=.ibi" three reproduction units 

« the definition of E) . z and W are. 

(compare, the ^ auction units X, 

suitable cascade rep 

^entlY of one another, 
independently 



f 



1 

3 

U— N ^ 2 



1 

U 

2 



4 ^ 



13 



U — N. 



u 




in which 

stands for or 
U^ stands for or E with 

E meaning the group 



^ Q 

-(CH2)o — CH2— N ;^ ^ 



whereby 

o stands for numbers 1 to 6, 

stands for a hydrogen atom or Q^ 
q2 stands for a direct bond, . 

.„.e„up.ea . .0 XO o:..e„ a.o„. an./cr . .o . 

,0 . p.en.leno.v radicals ana/or opt.onaXXy .s 
sul.stitut.d by 1 to 2 cxo, thioxo, carboxy, 0,-03 ; 
1,.^.^^, 0,-0, a^oxy. .ya«.. 0,-0, alKyX .roups. 

whereby 

stands for numbers 0 or 1-and 

stands for a hydrogen atom/a methyl or an ethyl 
.adical, Which optionally is substituted with 1-2 
hydroxy or l carboxy group (s) , 



q 
r2 
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, stands for .ethine group -C, 

direct bond or group M 
o time paeans a direct » 
same time . „■? 

of the meanings of ^ 
and has one of the ^ 

or 




^NH— ^ / , if at the 



^ stands for group /^oO- 

• ^ «+-ical and mean the 
. time 13^ and are Identical a 

same time 

direct bond or group H. ^ w are those 

.erred cascade reproduction units X. . 
preferrea formulas, rawio. 

,,,,, in tne above-mentioned general ^ .,,^0^-, 

stands for -CO , ' ,^ <^ <,0-, -COCHjCHjCHjCH,CO , 

.CO=H,CH,CO-, .or -CH.CO-, 

.•.^IB* stands for a direct ,cH,l -, -<:«2=°-' 

radical ^^^^^^^ -(CH,U - 

radical * ^ , „ . , cH,- ^CH^C V ■ , 

, .CH(COOH)-, CH.OW, -CH^C^H, . 

r-adical . ^tand. for a .roup __CH.-^. 

l>e cited as e«.plei of cascade 
The following can be cite 
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V V Z ar^^ ^' 



.COCHCKH-)CHCCOOH)NH. 

CONtCHjCHjNH-k 



C0N(CHjCHaN<)2 



^CH,OCH,CONH-— \^ 
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JCDH 




C0NCCH2CH2NH-)2 



CONCCH2CH2NH-)2 




Q0NCCH2CH2N<)2 



C0N(CH2CH2N<)2 



^CH2CH2C0^^"'\^ 




C0NCCH2CH2NH-)2 
I 

' f . ' 



C0N(CH2CH2NH-)2 



C0N(CH2CH2N<^2 



^CH2CH2C0NH. 



^C0N(CH2CH2N<)j 



17 



OCH2CH2NH- 



-co 




OCHaCHaNH 



0CH2CH2N< 
0CH2CH2N< 



OCHaCHaNH- 




OCH2CH2NH- 



OCH2CH2N< 




2CH2N< 



OCH,CH2N< 




pCCH2CH20)2CH2CH,NH- 

(CH2CH20)2CHaCH2NH- 
b(CHjCH20)2CH2CHaNH- 



0(CH2CH20)2CH2CH2N< 

^ ^^i) 0(CH2CH20)2CH2CH2N< 

0(CH2CH20)2CH2CH2N< 




.nt radicals K include those of general 
completing agent radxc . 



formulas lA and IB: 



R OOC^ HC 



/ 



N-CH2— CH2— N 
CH2 

1 



CH2 

I 

N-CH2— CH2-N - 

CHR-COOR 
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1 ch,-coor' 



B 



OOO-HjO 



whi* 3t.nd for a hydrogen a:to» 

,„depenaen.XV o. one ' ,o-«. 

„ , „et.l ion eq--"lent of- . 

„.44 or 57-83, ^^yl 
..anas for a ^varogen a.o» ^ ^^^^ 

radical Which optionally - 
hydroxy or XcarhoW9roup(.). 



Stands for a f 



r5 



\ - Ir— TT* T group, 

;tai,h.-chain. branched, saturated or 
stands for a s«a.,h ^^^^^ 

^^saturated c -^ - V ^ ato^. i P^-i- .ro.P, i 
interrupted .y 1- ... 
ohenyienoxy group and/or P 

stands for a straxgh optionally containing 

* ^ c -c . aixyiene group op 
unsaturated C, ^^enylenoxy . 1-3 

^.5 imino, 1-3 Phenylene, 1 3 P 



1 
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1-5 carbonyl/ 
1-2 hydrazine, x o ^ 
• 1-5 amide, l ^ 

phenylenimino, i = 

n tirea. 1 thiourea, l'^ 
,-5 ethylenoxy, 1 urea, 

1-2 ester groups, i 

1-5 nitrogen atom(s) ana/o 

suXfur and/or 1 ,,„apto, 1-5 oxo, 1-5 

^ A v,^ -L-s hydroxy, 1-2 ^ 
s^stituted .y .J V ,,,,„^.,Kyl, ester and/or 

— ' "":7'«.ere.y the p.enylene ,,oups t.at 

optionally can be contained can b 

sulfo or 1-2 hydroxy groups, 
carboxy, 1 2 sui mcs-c. group,, and 

cO-o -HHCO-a or -NHCS a g f 
^ stands for a - . ^^^.^^^ 

„ stands for tne bonding ^ unit «• 

ato»s Of the last generation of r P 

-:rrrir:nr:..-.^^^^ 

mentioned in wb.cn in abov ^ ^^^^^.^^ . 

p...erably C,-C„ alXylene cUam that 

CHHKCO -«HW, -HHCOChVa, -mCH,CC,H, , 
-CH„ -CK,NHCO, . 

nnOK -CH,COOH. 

.ub.tituted by ,.ups can be cited: 

AS examples for X3«, tn 

-CH,-. -CH,CH,-. ^H,CH,CH,-. -C^H^-. -CaH^o". -CH2C5Hr. 
.CH2NHCOCH2CHCCH2C02H)-C6H4-, 

.CH2NHCOCH2OCH2-. 
-CH2NHCOCH2C6H4-. 



Oi2NHCOCH2C 

CO,H 




.CH,NHCSNH-C,H4-CH(CH,C00H)CH,-. 

.CH20QH4-N(CH2COOH)aH2-. 
.CH2NHC0CH20(CH2CH20)4-C6H4-. 





SO3H 



AS examples f or R . ™ 

.CH3, -C6H5. -CH2-COOH. 

-ChUhs. -CH2-CHCH2CH2-0-).CH3, -CH2OH 

V . « .he inventionls intended for use 

X, tv.e agent according ^^^^ 

i„ HMK diagnosis, t.e J.WaXent and trivalent 

These are especiaiiy ,,nd 58-70. 

p„a^gnet.c. "Che ,4, and 

„f «ve elements of atomic iron(II) , 

ions of tne „„ie.Mhe chromium ( 111) . 

.T-o for example. ^= 
suitable icns are, i praseodymium (HD • 

cobaltCXl). nicKelCXX,. "77''^„;,'^,..,i.m(lXl, ions- Because 
„eodvmi>-aXX>. : ..e ,adoUniu.(XXl, . 

.neir verv strong mag ne ^^^^^^ , 

.erbiumCXXX) . ^^"'"^^ '.^^ „e especially Preferred. 
..nganese(XX). and i. intended for use 

« the agent ^-^^^^.^ .o .e derived from 

. ««tic radiology, the ceni^ 
in diagnostic r«i 
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,3. in cder « achieve su«i=ient 
„t of higher atomic nuiuber ^ 
an element of n y _ ^^^^ ^^^^3 that 

absorption of the x rays ^^^^ ^ ,,,siologicaiiy 

diagnostic agents «hxch ^^^^^^ 

' molex salt with central xons 

compatible complex s 57-83 are suitable, t 

b.rs between 21-29. 39. «. .he above-mentioned «ns 

" , the lanthanumCIII) "''^ 

for example, the x 

the lanthanide ^^^^^^ ^^^^. .^.^rding - the invention 
cascade polymer ^ ..ove-mentioned 

contain at least le ions Of an , 

atomic numbers. • . ^ _ .toms, i-- . 

remaining acid hydrogen ^^^^^^^^ 

completely pr par amides. 

• « «cids. or amino aci lithium 
KAses, amino acia&, . example, "cne 

Citable inorganic c..ns ^ .n, and 

,cn. the potassium icn the organic bases 

..pecially the sodium .on^ J -^^ ,,^..ry amines, such 

i.a., °^ -"-7;^^ ,,ethanolamine, morphoUne, 

T« ethanolamine, ^-^ 
as, for example, eth „d especially «- 

,ne H,l.-di»ethylgl"«»^"^' for . 

,,ucamine, H am.no 

.ethylgxuca».ne „„,th.ne. 

example, those of W ^^^^^^ ac.ds. 

amides of otherwise acdxc ^ .„,,„tion, which have a 

compounds according to . ^^^^ ,,.ooO-.O.OcO 0. 

„»iaht of 10,000-80,000 D, P _ 

molecular weight ^^ies described above. They 

exhibit the desired properties 
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. of me«l ions bound in a 

. for their use, 
,,,ge nu^er, reqa.«d tor 

in the complex. ^^,,lar permeability, 

,,^le manne. ^.^^^ j^i^l, vascular 

^^ey accumulate xn reg . 

in tumors, they make if provide 
such as, e-g-' . „,r£usion of tissues, and 

w r,TTia selectively permeability " 

shortening ^representing the pe . 

^ and of graphically f obtained througn 

blood, ana cannot oe " . 

such physiological data 
. vessels. Such P Y . ^^^^ as, e.g . 

. extracellular contrast m ^^^^^^^ ^^.e- 

use of extrci et-andpoints, there 

e„agnevist»n - -m these st«. P ^^^^^^^ ^^^^ ,„,.,..,hy 

.3es in the modern —-7^^^,,,, ..agnoses o. malignant 

tomography: more v cytostatic, 
and computer tom g ^^^^^ ^^ere cyt 

.arly therapy monitoring ^^^^^ 
..tumors, early ^.-lative therapy 3- s usee. 

r^T vasodiiativc. 
antiphl°gi='^=-'=' ° ^ regions (e.g.- ^n the 

,-on of underperfused regi ^ identified""" 

identifio-"°- o« vascular'dfseases. and 

^.^.ocardiuml, angiog^-PW ,,,, inflammations . 

■ f (Sterile or mtecu invention are 

..d diagnosis of (st ^^^^^ ^^^^^^^ .he in 

^^^^'^TiTit- "^'^ 

, ^,3, extremely «ell -n 

,T,,Tar contrast 
lymphography. „ extracellular 

further advantages rel ^^^^^ 

rffPft. [MagneviSt i , 
such as, e.g.. .^^^ 3pin tomography 

media, such nuclear f 

a«5 contrast media ro . ^ marked 

effectiveness as con ^.^ized; this ensures a 

• ,^tv^ must be emphasizea. ^^^3^ 
C^igher relaxivity) ^ ^^^^ At 

f the diagnosticaliy ^ . „ can be f ormulatec 

reduction of the can 

^he contrast media 
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the blood and thus reduce 
. ^„ isoostoolar manner i reduced 
solutions in an 1 reflected m a 

■ stress of the body, wh^* threshold) . 

the osmotic stres ^^^^^^^^ ^,,^,,r to.ic ^^^^ 

tonicity on the part ^^,3i>olds result xn a sign 

smaller doses ^^^^^^^ ,,„„.t medium use in modem 
increase o. the reliability of 

imagin. processes. contrast media based on . 

xn comparison «ith macro ^^^^^^^^ 
carbohydrate..- e.... d«t^ ^ ^ mentioned - 

^Xication «o. 0 3.. ' X\,^l-enhan=ing pa— -c ^ 

generally ^^-^^ ^ ! lU^ain. to the invention e^ibit 
cation, th. P.iy*er ^^^^^^^ ,.„erally about .0.. 
. content of the ^-^^^^^ be necessarily Umitin. 
..though this n^re is not mte ^^^^^^^^^ „.ch 

.hus. the ^cromolecules simultaneously has 

Tetter signal enhancement per mo- ,^^.,hy is 

. .f feet that the dose necessary / .^ntrast media 

the effect ^ ^^i^tive to macro^lecul 

considerably smaller r 

. .ased on carbohydrates. ^^^^^^ ,„.ention. i ^ 

„,th the polymer com^e^e ^^_,.cules in such 

,.s been possible, to ^ J^^^ molecular weight - ^ 

V, . the latter have a unit ^^^^ ^^^e of 

.„ay that the ^^i^giy enough, to co ^„„,gh 

,t is thus .possible, surp ^^^^^^ large 

t. macromolecules in J ^^^^^ but ^ - 

- - be able to pass through the capi 

same time smalx ^ ^^^3. 

cf the Sidneys. - ,clymer compounds of 

^arisen to the other m ^-cording to the 

" t the cascade polymer complexes acco 

the prior art. 
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A excretion behavior, 

tion are distinguxsbed by. ^^^^^ 
.^vention ^^^^^ stabxlxty, 

«ter effectiveness. 9 

-.the fact that 
compatibility- ^^^^,,0, lies xn t 

mother advantage of th. ^^^^^^^^^^^ .acrocyclxc 

.ow complexes with -V-oP-1- ,,,,..oiecuiar weight 

. lovi-molecular wexght. o possibilxty 

ligands hav compatibxlxty a 

e.is.s^.o. ^'^"''"'T. es according to . 
V ■ ntion takes place til 

Stands xoi- _ - 

, .,.se »uiapli=i-V a. , .i.e=t 

independently of ,( ,^it of reproduction 

a cascade reproduct^r 

bond or a 

„.ltipli=itV - - ^' .tand for a cascade 

„ independently o* ^ . ^.ItipUci'^V ^ " 
zandW. I'^'i^S . <,f\eproduotion""l"P 

reproduction unxt 

for numbers 2 to . j^r 
stands for _ another, 

, . and «. indepe"d»'^^ 

^' ' nu^ers X to . and terminal ^ ^^-^ 

, stands for the bonding sr « 

V, last generation, of rep different, 
: T at least t«o reproduction unrts a 

and that for „ , 64, 

■ X • y ^ 
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16 < a 



of general 

»,loVl.nq 

cted with a complex 



Isolds true, eomplexing agent 



or 

are rea 

I'B 



formula I' A or 



R'*oa>R*HC 



/ 

^N---CH2---CH2--N 
1 CH2 



R 



OH. ] 



CHR-COOR 



V 



1 ^ .'^ ch,-coor'' 

I CHj-COOR 
R^'OOC-H^C 
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anChar, stand tor a .V^rogen 
,v independently of one .not ^^^^^^ 

atom, a metal .on equ p^.tective group, 

3,, --4., or 57-33 or an ^ ^^^^^^ etUyl 

..an.s .or a .V-.^ ^ .... X-. 

.adical vnich optionally 

1 carboxy group (s) , 
hydroxy or i ^ 



^3- stands for a 



,4 



I ^ i—xj*— T' group, 4.,-.^ated or 

-CH-CO-N XT ^^ranched, saturatea . 

^saturated c,-c,o -^^^ ^ ^^.^yiene group, 

pnenylenoKy gro . ^^^^^^.^ , 

„ -,-3 carboxy, ^ P 
l^ydroxy, 1 atom or. for . 

^ for a Hydrogen aro . saturated or 

stands for ^ . branched, satur 

^« for a straight-chaxit, „„allY containing 

stands for „roup optionally 

g^l^ltylene group f 
unsaturated Cr^o _ pi^enylenoxy , 1-3 

T_3 phenylene, •»• carbonyl» 
1^5 imino, 1 ^ P, y^ydrazide, 1-5 car 

■i_5 amide, i ^ 
phenyleni»>-"°' ^ thiourea, 1-2 

,.5 ethylenoxy, ^^^^^ ..^o o^gen, 

ear.c>cyax.vxi»i- and/or optlonaXiy 

,.lfur and/or X-5 n.tx 9 ,,,, i 

..touted .y --7;_,,.,X, X-S ester and,or 

,_3 carboxy, ^ =^ oroups that 

thioxo, 1 phenylene gro P 

,.3 amino group (s) , whereby 
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..inea «n .e substituted 1- 
are opt^-onaliY ^^^^^ ^^^^ps, 

(,«0 -COOH, -^-^ " 
T' stands for oarboxyl group, 

,.0 stands for an J ^ - at Xeast two 

p.ovided t.at - « - oase o. 

;„..caseO.d.a.nt»^-^^,_,,...ta..0n. 

^WaXent »ataxs> o. .„d t.at 

, „t of the above-menti-on 
equivalent of present in 

.-.nalW other oarboxyl group _ ^.^^ 

optionally ^^ganic B 

. . -their salts «ith inorgani 

. . ora»inoacida.iaes. ,.e groups are cleaved, 

« reacted, optionally present ^^^^^^ ^ 

• .d cascade poly»«s - „5.th at 

y,e thus obtained _ ^ .n the 

are reacT^e^ atomic 

..^plexing agent ^ ^^^^ ^„ ,,e»ent of 

5,-83 and then optionally 
. 20-29, 39. 42. " . , hydrogen atoms that 

nuiabers 20 ^s, thus obtained, acia i 

- r::^- 

cations of present free 

..and optionally stxH P ^^^^-^ 
amides, and P ^_ ^^^^^^ ..ter 

= are optionally acyx 

anted by the new 

- Of t.is invention is represented 
Another aspect of . 
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1 

1 



^vsii formula I ^ \ 
r.A'^ of general toj. 
compounds ot y ^. 

\ ■ 

f \ 
/ ,■ ^CHB-COOR \ 

«hsreW stand for . M^o^"' 

...naentXV o.^n- < ^^^^^^ 

.torn, a ""^^ protective ^=up, 

3,.----";;:U..et.V-ranet.,X 

stands .o. a ^^-^^^^ U substituted «lt. X- 



a3' 



Stands for a 



^>«^0-U^- ...uratea o. 

..anas a ^^^-"^Z. w^^* 

.^saturated c,-C« ^^^^ J^"^ J^^^, , ,,.„,Xene ,roup. X 

..droxy, X-3 =«-°«- ^ J ,..u«ted or 

. €nT a straigtit-cham, containing 
. c-c axxvxene .roup optionaUV =° 
unsaturated C, C„ 
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1-3 phenylenoxy, l"? 
,,3 i.ino, 1-3 P-nylene, ^ ^^^^^^^^ 

. • « r-5 amide, ^ ^ 
ph.nylen.»^n°. ^ thiourea, 1-2 

1-5 ethYleno«. ^ "^^^^ ..^o oxygen, 1-5 

carboxvaXKyU.in=, es ^^^^^^ ^^^^^^^^^^ 

3.1,ur ana/or n.«c,en 

«e optionally ^.y^oxy groups, 

ear.oxy, 1-^ ^ ' ..=C-S group, and 

C*0 -COOH, -N-^ 
^, Stands for a - ' ^ ^^rboxyl group. 
C.0 stanas .or an — J^^^,,,,. ,.oauc.s .or 
-V - - - ..p... o. general .or^u. 1. 

,„ducUon o. *e cascade p J 

,n example Of an act. p-nitrophenyX 

.co.ple.es or ----J-ler pe^^^-rophenyl ester, an. 
ester, «-hyar=Kysu==in-^-- 

.cie cnlorlde can .e out to Introduce 

addition or — ^ ^^^^ substrates that 

aaent units is i? j to a leaving 

a>e co»pleXit>g age (optionally bound to ^ 

. ,lred substituents K l°P aenerated by the 

. contain desired ^ubstituent is gen 

^oup) or from «t>io»> ^'^^ 

reaction. . ^^^^tions. the reaction of 

.3 examples of addition reac ^ ^^^^ ^^^^^^ 

.socyanates and ^-^-^'-^^^^^ ^..formed in aprotic 
taction Of isocyanates is P ^.^hylene 

-V, as e.g. » ■ ' 
solvents, such ^b, ^ 



f between 0 and 100»C, preferably 
chloride at temperatures of ..^ition of an organic 

n nd 50-C optionally with the addition 
between 0 and 50 op m- 

. as triethylamine, pyridine, lutxdxne, 
base such as trieiiny reaction with 

i..nine N-methylBorpholme. There 
ethyldiisopropylamxne, solvents, such as, 

• «««P>-rallV performed m soxven 
isothiocyanates xs generally methanol, ethanol, 

^ or lower alcohols, such as, e.g., ^ 
e.g., water or lower .^tnres of DMF and water 

^ or their mixtures, DMF ormxxtures 
isopropanol or th preferably between 0 and 

^■P v^fitween 0 and 10 o c^ pj-'' 
at temperatures of between inorganic . 

^->le addition of an organic 
500C,. optionally with the ^.^^^ ^ 

o rr triethylamine, pyridine, 
base, such as, e.g., _ or alkaline-earth 

T=™ine N-methylmorpbolme, 
ethyldiisopropylamme, n lithium, sodium, 

^.^^^l hydroxides, such as, e.g., 
hydroxides, alkali ,,rbonates, such as, e.g., 

. potassium, calcium hydroxide, or 

magnesium carbonate. reaction of free . 

the art [e.g., J- ^ ^ ,43.545] can be 

Tnhn Wiley S Sons, N.Y. iJ-ao^-J , 
Aaino Aoias, John viii-ey nouaver to convert tHe 

. H It has proven advantageous, however, 
mentioned. It has p ^ylation reaction to an 

.arboxylic acid gro.P .e.ore the^a.^^^^^ ^^^^^ ^^^^^ ^^^^ 

...ivated .or., such - -'^^^^^^^^^ ^^^,,,,3. ,...e.ic 
chloride [e.g., E. Albertson, Org. 

press, H.V. (X979), vol. 1, PP- ; 

Keact. 12, 157 (1962)1. .^^^ Uterature 

„ the case o. ^ ^ „..hoden der 

cavilled in the art le.g-/ 
known to one skillea i ^H^mistrvl , Georg Thieme 

organischen Che.ie [Methods o. Organic Che.istrvl, 



cited. This 
985) 633] can be ci^e^- 
verxa,, S.u«,..t. VoXu«e B S C.^ ■ ^^^^^^^^^ ^^^^ 
.e.=.ion can .e p...o=:.e. una ^^^^^^^ ^^^^^^^^^ 

e.g., .etl^ylena c^lorxde ^ ^^^^^^^^^^ ^^^^ ^^^^ 

j„ the case of acd chlorofbrm, toluene 

solvents, such as, e.g, . V ^ ^^^^^ preferably between 0 
— - ^-^r::::rut:.atu.e H.o«> to one skilled 

:r:.tub:n-«eyi. ----r; r:-.. 

the. art [e.g.. ,,0741, volume 15/2, PP- 

• = verlag, Stuttgart, . 
.Georg-Thieme-Veriag, 

''^ ■ protective group, lo»« aWL 

" stands for an c ^ 

-VX ana aralKyl '"-^ ^ ,.ipbenyl.ethyl, bis-(P- 

„i«opnenyl,— ^^^-"^^'^^"^ . 

->»i^-^^"- . a cleavage ^f the protective groups 

- optionally U«. to one sXllled In 

.a.es Place — J^^J,,,,, ,,arogenolysls , alkaline 
«.e art, for example by ^ ,<^eous-alcoholic 

saponification of ^^^^ ... case of tert- 

solution at ,.e»peratures 

^,ty, esters with the a.a i„,.„pletely 

— ^ - optionally be convertea to 

— ^^--^ Jlctions with acetic anhyariae, 

-"^^ " t^et diglycoUc anhyariae can be .enticned as 
succinic anhydride o 



examples . 



ions takes place m 
. «f the desired metal ion 
The introduction of t ^^^^^^ laid-open 

example, the n.trate, 

methanol. et.,nol xsoP ^^^^^^^ 

3oXu.lon or s.^P-.- ^ ^ .,a.o, en atoms o. t.e 

acid groups be^n^ ^- ^ ^^i^es. 

. v,= =f»s amino acids or place 
organic bases, a ^ ^^^^ ^^^^^ ^^^^ take p 

The introduction of the ^^^^ . _ 

„f complexing agent I a . . ^ 

-'"^ Tthe cascade poXV^ers. and after coup.ng of 

the coupling to the ' 

^,lated ligands I'A. 1'^ "'^ ' j^^j^ the aid of 

^etalated .^^^ neutralisation tal.es place « 

„ this case, ^ ^^,,Ues, carbonates or 

inorganic bases (for examp^- .V , 

X ^-p for example, . ^ 

bicarbonates) of, ^^^^^^ ^3, i-a- , 

.«ium or calcium and/ or org example, 
magnesium ,„ch as, 

primary, secondary and „.„ethyl and 

example, -elds, such as, i""- 

or acid amino acias, 

originally neutral 

glycine acetamide. enough of 

hippuric acid, gly compounds, eno 

For the production of neutr ^^^^^.^ 

be added, for example, t 
the desired bases can be 
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•^n that the neutral point is 
solution or suspension that T^n 
salts in aqueous solution ...porated to dryness 

.over ^ ^^^^^ _ 

otners) . lower Ketones ( others, and 

,..t,^.aro.uran, ..o.ane ^^^^^^^ ^^^^^^^ . 

"rjproven especiaXX. advantageous to add t.e 
crystaXXizates. It Has p „„„,exing of the reaction 

■ ' i bases as early as during- the coBpXexxng 
desired bases 

^ thus to save a process step. 
B^ixture and thus to ,„„tain several free acid 

« acid co.pXeK compounds ^^^^^^^^ 

^oups, it is Often s.itabXe ^^^^^ „tions as counter ions . 
Which contain hoth inorganic and . ^^^^^^^^^ ^^^^^^^ 

a.j.eous suspension or ^^^^ 

complex salt being complete 

„it. the retired amount of ^^^^ _ can aXso be 

X.- « The sequence of tne 
" neutralization. The s q 

reversed. ^ obtained cascade polymer 
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«T filtration on, 
,„^con^R>YM3) or gei 

Aroicon<'^^XM3 0, 

- - - - "-"^^^ co„pXe.es «n 

..vanta,eous to prcv.de tne P ^^^^ „ 

e.=.an,er, example. X.. 6, ( 

separation ---^ ^ err,., ter..n.X 

The production of the ^.^piexlng agents K 

■ 3».nc grcps retired .or ^^^^ generaX.V 

^„ exse the corresponding »etal ^^^^^^^ 
" «om nitrcgen-contexnxng cas ,,,„^.ing to or 

proceeds rrou^ liable methods or 

. bY commercially avaxlabl introduction 
be produced by c literature. The 

,,-,v to methods Icnovm m t:n ^ methods 

analogously ^^^^^ ^^^^^ according 

,f generations X, Z an ^ ^^^^^^ ^^^^^^^^ ^^^..ic 

• ♦■He literature [e.g.* • .364-3811 by 

Xnown xn the ^ ^^^^^ ^,985) , 364 

. 4-^ 3rd ed. ; Jo^'^ ^ / ,-^cted amines 

Chemistry. 3 ^^^^^^^^^ „«h^protected 

.cylation or alXyl contain £unct ^ 

exhibiting the desired stru ^^^^ e.g. , 

,oups capable o. bonding to ^t^ ^^^^^ „ activated 

carhox,Xi= acids. Isocyanates i ^^^^^^ .cid 

carboxylic acids (such as e.g. , ^^^^,,,3, 

• ^ or halides (such as, e.g ^^^^ g^„„ps 

chlorides) or n tosylates or other 1 

,cdides,,a.iridine.-Vlates^- . 

.no«n to one skilled in the a • ^^„_,,,Uon 
Xt can be stressed. bo« ^^^^^ p^ely 

. — -::ra:::: - 

,T It can oe eivA 
formal* -"-^ 
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.ner tne ni«og.n ate. for»i.. 
K,H> is not used, but rath ,„„oeuo.d first 

starter At"). defini*^°" "® . „^ 

=,-ade nucleus by aei synthesis ol 

t of the cascade n ^ihus, e.g.. to'^ ^ 

-^h the first «ore advantageous 

together «.th ^ , it .s more 

the compound described ^^^^ acid 

not to a.yi.te the ,..-f oid, . but rather to 

..the.g.,ben.yXo«c«bo^^^^^^^ 

..act trimesic acid trich _^ ^^hree-f old, . 

,.enzyXo.ycarbonyXa.ino,-etnvll ^^„^^,,^.„.onyX. tert- 

' I amino protective groups -^_^^„^,,.,....onyl , ben.yi 
.^.^carbonyi; the art ..h. « 

.„d formyi groups "J^^ in organic syntheses. 

, p G. M. «uts, Protectiv 5,, can be 

Greene, P- , pp. 309 ^ ^^^^ 

ed, .ohh Wixey and ^ these protective groups J 
. After cleavage . literature, 

"^"Cce according to methods Xno^ - xn 

taxes place * introduced xn^ 

„e=ct desired generation ^ . J^,^ ...sisting of t«o 

addition to this synthesis o. a g^^^^^^^ ^ ^^^^ 

« in each case \cl ^ • ^VT-oduction of ^^"f 

reaction stages in simultaneous mtrodu 

,„tective group cleavage,, the .-ty-C.),!. - 

. or several generations, , ^..^e 

TV t»o reaction stages. 1h , elation of 

possible «ith ohW amlation or acy 

llti-geheratio. un.s ^^^^ ..ihiting - 

-nroTrlired reproduction 



f oritt. 
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Am) required as cascade 
,^ of aeneral formula ACH), r 4 
THe compounds of ge ^^^^^^^^ according 

starters are commercxally ^terature [e.g., 

To«ouslY to methods known m the 
to or analogously ^ Georg-Thieme-Verlag , 

J - /qo-r ora. Chemie, eeoty 
„.^«.. M.t.oaen ae. o ^^^^^^^^^ _ 

(X985), 2A, 3702, • ^ ^^^^„,y,uc Compounds: J. S. 

(1978), 86-98, The cnemxstry ^ 
^ ,1 Rza-Crown-MacrcoycXes, John 

C1993)l. examples, ther ^^^^ ^^^^^^ ^^^^^ 

,.: Tris(aminoethyl)amxne • : , ..^.a^^ieh chemistry] , 

Rldrich-Chemie [Aiari'-' 
Chemistry! AG, Switzerland, ^dr 

Germany]; , „ C Woerner et al. , AngeW. 

«,s,aminopropyl) amine t-^- - ■ ^ ^^^^^ 

^ ,j,ppUed Chem.] int. Ed. Engl..-,("")' — 

Chem. IWPl'-^ Fl,jca, Aldrich]; 

— -Vienetriam.ne ^ J ^^^^^ 

- „iethyienetetram.ne Ce.g-- ^^^^^^^ ^ 

tetraethylenepentamxne [e.g., f • ^_ <.,„,tt et 
, 3 5-trisCaminome«>yl)benzene [e.g- . 

' ,,oall 113, 29«5]; 

„imesic acid triamide [e.g., H. 

.oxyo Koho 0.077.31, C ^' 

1,4,7-triazacyclononane [e.g., ^_ 
1.7,i0,»-pentaaza=y=lopentade=ane teg, 

Eur. pat. APPl- ° ,^ „ Aldrich] 

,,.,,.10-tetraa.acy=Xodode=ane [ -.^ _ ^^^^^^^^ ^ 

l,.,B,ll-tetraaza=y=lotetradecane te.g, 
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A. Andres et al., J- , „ r j. Geue et al., 

l,l,l-tris(aminoBethyl)ethane Ce-g-- «• 

Aust. J. Che.. (1583). 36, 9271; 

tris(a»inopropyI,-nitr=»ethane Ce.g- - 0- ^ 
103 1205 (1991) analogously to R. C. Larook, 
al., Angew. Che». 122, ^ publishers, H... 

comprehensive Organic Transformations,. VCH 

MQa9V. 419-420] r « H 

;,3..,v-ada»antanetetracar.oxylic acia amide Ce.g- , «. 

. .1 Tetr. Lett. 126Z. IB^U' 
Stetter et al. , . 3, ,,„.tetracarboxylic acid 

l,2-bis[phenoxyethane]-3 ,3 ,5 , 

, , J P. collman et al.; ^. ^l^- ' 

:r3„ rinalogo^sly to the instructions for .ample 1.3. 
....0,13.1S...-o=taa.a.icyclo..S.S,he.acosa^^^ 

. ^ J org. Chem. (1993), 58, 7939]. 

Tj w Smith et al . » -J • "-^^ . 
[e.g., P- t*^-^^' . contain the 

4-- „ the reproduction amines that conT. 
The production of the r p synthesis of 

a.ove-mentioned functional groups regu,red for the sy 

.•ons taxes place according to or analogously to the 
generations takes px according to 

instructions described in th. experimental part 
processes Xnovn in the literat>u:e. 

AS examples, there can he mentioned: 
^,«..Oi-henzyloxycarhonyl-lysine-p-n.trophenyl 

instructions for Example Ic) 1 ; 

H0OC-CH,OCH,C0-N (CH,CH,NH-C0-O-CH,C.H,^ 

. „OOC-CH,H(CW-C0-0-W 

„00C-CH,CH,C0-«(WNH-C0CF3), l^o P 

i« bv starting from 

to instructions for Example 3a) , by s 
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1 ^ amine instead of 
^is(^enzylcxycarbonyXam.ncethvX, 

„OOC-CK.CC„.«H. ^^^^^^^ ^^^^^ , 

produce. " ,^.co^-CH,=AUU . 

« -CH T CH,CON ( CH2Ctl2r*n 



°* ^NH-CO-O-CH^C^s 



O 1 



c^Xnh-co-o-ch^c^s 
6 



HOOOCH.OCH^CONH \^ 



CON(CH,CH,NH-CO^-CHAH5)2 



C0N(CH,CH,NH-C0-0-CHjC,H5), 



f 




C0N(CH,CH,NH-C»OCHaCeHs)2 



C0N(CH2CH,NH-C(M>CH2CeHs)a 



. be produced according W M. 

1 •?n-26 (1993) 
Trans li 2i v 
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I rrivcine commercially 

" ....... C.U.o.nia 



OCHjCHjNHCCM^CHjCjHs 
HOOC-^fy- 0CH,CaaNHCO<«" AH 



available in, e.g. , 



\ OCH^CHaNHCO-CK^zCeH. 

to be produced according to C. J. 

^ T T ftjoer. Chem. Soc. 
cavallito et al., J- ^^^'^ 

H,-(2-bro.oethyl)amine instead Of 

m R jacobson et al.» 
benzyl chlorxde [A. R. 

^ riQQl.^ . 34, 2816] . 

J. Med. Chem. (1991) , ^ > 

and complexing agents of 
production of the complexes and P 

, X'A and I'B tal.es plU «=°>^<^^"9 ^° ""^ 
— ^ ^--^-frinstruotions descried in the e>.e.i»entai 
analogously to the the literature (see, e.g., 

c. a— to — „ ,30 .... 0 «a 

^cpean Patent Applications Nos. 

0 56S 930) . ,,^..a I' A is 

Thus , the production P • ^ ^^^^^^^^ 

^ « in that a group T is ^ 

.arried out. e g. . ^ ^^^^^^ ^^^^^^^ ^ acid 

.^^ctional group ^^^^^^^^ ,,,, ,.„.Uon 

function. Which ^^^^^^^ ^^^^^^ ^„ ^^^^^^.^^ ^„ ^j,, 

independently o£ ^cid pro roteoted amine 

nr- in the meaning oi = f 
«bove-indicated process, or in 
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r^T-nresses known in tlie 
which unblocks according to process 

Protective Groups xn 
Uterature tT.- W. Greene, P. ^ , 

. . -H^<;is 2nd edition, John Wiiey « 
organic Synthesis, 2n isocyanates or 

^ 4-v,*>n can be converted to the iso ^ 
309-3353 and then can ,Houben.V,eyl) , E 4, PP. 

isothiocyanates CMethoden der Org ,^^3, 
. «-,7-843 Georg Thieme Verlag, Stuttgarr, 

MQa3n. such compounds can be pro 

. 4.Y.at are described xn the 
+■« -hhe instructions that are u 

.halogsn^'tea acid amides lin f 

chlorofor.1. ^^^^^^^ can 

TUe production ^^^^ ^^^^.^^ 

— - --^ -T^.::!! d .o.p-c-0, 

... a. a - .ndependen.. o. ac.d 

can be converted to th ^„ ^he above- Indicated processes 

protective groups according to the ^ ^ 

-i-Q the processes that ai« 
^ ,^4-wated according to tne y 
and can be activate such compounds can 

..a literature and «e „tions that 

be produced according to or , . ^ ^^^^ 

are described in the experimehtaX part or t 
an amino acid derivative o. generax .ormuxa XX 



in vhich 



00 



1 
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• floated to. R'. "hereby hydroxy or 
- --tin . op..o.aXXy oont.inea in are 
"-°''^^""Tin protected .or., and 
°^"°"""r-ll or ..anew C.-« -VX ,.c.p. a 

.en.yl. ' ^.„,,,,„„etho.y ^oup, «here.y 

trifworoethoxy or 2,2. alkylating 
Vi is different from R . 
agent of general formula III 




0") 



- ^. .ands .or a pro.c~ ^^^^^ 

„al stands .or a .alogen a.o» - ^_ 

,.e..ra.ly CI ese. a- « . 

^ T ora. Cliem.(58, xx^ 
Eapoport, J- org , ^ naturally 

....erred a»ino acid derivatxves ar. tn 

occurring a-a»ino acids. , • ^^^^^^^ carried 

- — "^^erd aUUi- — ■ 
out preferably xn a buffer 

a<^eous phospnate-buffer solut on ^^^^^^^^^^ 
taction is carried out at pH^^^^- ^ ^ preferably a 2 

buffer concentration can .^.e temperature of the 

« p.osphate-buffer solution .s us ^^^^^^^ temperature 

alKylation can be between 0 and 

is room temperature. 
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1,1- cnivent, such as, 
reaction is car.iea ou. in a polar - 

. , .=etoni«ile. .etr.hv..o.u.an. X,--o.ane or X,. 

o^^ferably, acetonitrile is used, 
dimetho^cyethane. Preferalo .wording to the 

production of tne phar»aceut.oal age 

i=« in a way known in the art, oy i-^ 
invention taKes place also .n ,p,i„n,xiy with 

...piex compounds according to the .nvent.on P 

, additives that are commonly used in 
addition of the. add.ti ^ ^^^.^ 

-- --:::^ro tionally hem, sterili^ed. 

:::r a: relpl. physiological. har^^ss 
^""^''"rrr r:.ample, tromethamin.. additives of 
buffers (such as, £o example, 
eomplexing agents or wea. — ; - 
..ethylenetriaminepentaacetic - = __ 

..ecade polymer comple.es, or - .f nec-^ 

™r,i*» sodium chloride or — ii 
...h as. for e.ample s ^ ^^^^^^^ 

^tioKidant.. suc^as. ^ ^ ^^^^^^ 

" T:ro:^ysiolcgi=a. sa. solution are desired for 
invention in water o p y ^^^^ ^.^^ 

. • Acvration or other purposes, they ar 
enteral — " ^"^^^ ' „3ed in galenicals C^or 
or more ad,uvant(s, that ^ surf actant(s,. 

example, methylcellulose. lact . ^^^^^^^^^ 

T« lecithins, Tween^", J 
rfor example, lec™ii» , «+.v™al oils]. 

. ^ for taste correction [for example, ethereal 
substance(s) for tas-ce > 

1 «««:.;ible to produce the 
4«o-ir>le it is also possiDie ^» t-. 
in principle, i^ . even without 

J- ^ t-he invention even wxi-* 
^•^=1 aerents according to tne in 
pharmaceutical agent ^„ „^ ,,3e. special care must be 

isolating the complex salts. 

„sed to undertake the chelation so that the 



. „ are pr^ticallY °* 
. to the invention «e P 
solutions according t 

„i ions having a ^ ^olor 

„onco.plexed metal io with the a.d of 

• oan be assured, for ex f titrations during 

This can oe control tn^r" 

„ ,= xvlenol orange ey relates to 

indicators such as .„,,„t ion therefore also 

production process. in ^^^^„„„,3 and their 

processes for the ^ . p.ification of the 

,t ^"^^ precaution, ther 

Tsolated complex salt. - ^ ,„,ention contain 

pharmaceutical agents a^ ^^^^ ^,„«..11V 

«i-v 3 mol/1 " ended for 

preferably 1 ,ntende 

^ of 0. 0001-5- compounds 

. «ri in amounts of u- . „ The complex comp 

dosed xn aaministratxon. 

^pral and parenteral a 

ain. to t.e invention are used in the form 

according ^ and diagnostic x 

,or \ of elements with 

.heir complexes «i«^ -^-^^ ,,,„d57-S3, 
..omic numbers the form of 

for rad^odiagnosis^nd ra _.„ts w^^^ 

..eir complexes " ^^.3,, ,3, 

atomic numbers 27, 29, 

„and77. ^ ^.^^ the varied 

t= according to the in nuclear spin 

The agents aco ,„trast media for n 

^ fo-r suitability as or 
requirements for su suited, after o 

thev are obtained vith 

tomography, ^^us, they ^^.^^ obtai 

teral administration, for imP . „iue by 

Tof nuclear spin tomographs, m - ^^^^ ,^,,t 

tiie aid or Further, ^"^Jt 

. «aT intensity- fewest 
increasing the ^^^^^ ^^^^^^^ to load the body «it. th 
effectiveness which is n 
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of foreign substances, and the good 
possible amounts ^ ^^^^^ noninvasive 

co-npatibility Which .s necessary 

nature of the studies ..molality of the agents 

- -"'^ lITit possible to produce highly 
according to the — ; ^^^^^ of the . 
concentrated ' ^ „,.o„..ie limits, and to 
circulatory system can be held ^ ^ ^ ^ _ ^ ^ 

co.pare the dilution ^-^^^-L. »ore water-soluble 
diagnostic agents . .. .^ agents according to the 

.Han for spectroscopy. Furth . ^^^^ ^^^^ ^ 

. ^htbit not only a high stabUity 
^ invent.on exh^bxt n ^ ^^^^^ ^^^^ ^ ^^^^^^^ 

surprisingly h.gh ^^^^ ^^^^^,,,3 covalently 

exchange of the ions - ^^^^.^^ .gain 

.ound in the co.ple.es. ^ 

completely e^reted. taX P invention for use as 

X. general, the agents according to 

are dosed in amoi^ts pf 0.001 
^ diagnostic agents ar „3e are discussed, for 

: preferably 0. 005-0. Bmn>ol/..g. ^ ^ ^^^„,g,„clogy i^l- 

exa^le, 

" , dosages ■ (under X mg/lcg of body weight, -of 

- Especially low dosages ^ example, to 

organ-speci^ic ^ ''^ 

detect tumors and myocardial --""^^ „ion 
t-he complex compounds accora/y 
^,,,er, the P . ,,,,ents and as shrft 

are used advantageously as susc P 

In vivo NMR spectroscopy, 
reagents for in viv 



4-0 the invention are also suitable as 
The agents according to the inven 

„..o.i.no...c ...... .ecause o. ..e.. aav..«,.o.. .a.^ac..ve 

p„pe^i.s an. ..e ,ooa s.a.iU.. o. ..e complex co.pcun.s 

aesciW. e.,., in -Kaeiotracers »eaica. .ppl.cat.ons, C.C 
press, Boca Raton, Florida. 

. mother imaging .e«.oa vi.h raaioisotopes is pcs.^on 

. „l.ich uses positron-emitting Isotopes, such 
emission tomography, which uses p 

■ . «so "sc, -Fe, «Co ana «0a (Heiss, W- D. ; Phelps, H. 

as, e.g., ' ^ , th. Brain. Springer Verlag 

E. ; positron Emission Tomography of the Brain, P 

Berlin, Heidelberg, New Yor. »B3, . • _ ' 

The compounds according to the invention are 
surprisingly enough, .cr differentiating malignant and .enign 
.^ors in areas without .lood-hrain harriers. _ 

They are also distinguished in that they are eliminated 

-s 4.V.1-1C are well compatible, 
oompletely from the body and thus are ^ 

Since the substances according /o^the invention 

. • malignant tumors (no diffusion in healthy tissue, 
concentrated in malignant turn 

..t high permeability of tumor vessels,, they can a^ ssist 

radiation therapy of malignant tumors. Xhe la«er 
distinguished from the corresponding 

and type of the isotope used. The object, in this case 
drstrTction Of tumor cells by high-energy shortwave radiation 
:L a smallest possible range of action-: .or this purpos - 
interactions of the metals contained in the complexes such as, 

. • ^ used with ionizing radiations 

iron or gadolinium) are usea wiT-n 
e.g., iron ^^^^ ^^^^^^ 

(e.g., X rays) or with neutron rays. By th 
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the spot where the 

..... .s °; .0..=. ..^ ... . 

«r^^ex is found (e.g-r ,^4ation exposure 

metal complex i tissue, the- radiation 

„..a.ion eose in ^^^^^^^^ wi«. - use 
.e.X..y .i-.e can cons.^e ^^^^^^^ 
.e.a. complexes an. ...s ^^^^^^^ ^^^^^.^^^^ 

pa.ien.s are avoided. . ^^^^ „.iosensl.».n, 

..e invention — "'J^^^, ,.,,,„an. .^^^^ ...... - ^ 

radiation therapy » suitable B- 

substances m raai ^^^ture therapy) • ^uiT^a 

„.3S^e. e«e=.s o. ^^^ '^^^^^^ ..c. ".a- ^ 
e»i«in, ions a.e, -^^^ ,.,,.Uves axe. for 

3.i.a.ie <.-e«U.ln, ions e....- ^ . 

„ole ^"Bi. "'Bi, ^"B- . . ^ .3 ^Gd, which can be 

,oton- and elec«on-e»itting .on .s 

suitable photon _^pture. 

• -d from '"Gd by neutron oapt intended for use 

obtained from invention is 

" ^^^"^ Cap, P.0P0.-. - 

- - — - ^''^ Te"t or 

al. (Mature vol. 336, ^ f„ example, 

* a MSssbauer isotope, s 
derived from a bob 

. ,,«ation of the therapeutic agents 
the in Vivo aaministr- ^ 

-,.cordin. to - --""'"Xl such as. for example, serum, or 
.o^ether «ith a together «ith another 

p,,siolo,i=al common sal ^^^^ „ this 

p.otein. such as, for example^ ^^.^^^^^ 
.ase. the dosa,e depends on «.e ^ 
.etal ion used and the type of im . 
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^- « to the invention are 

vo^allv. preferably i-V- 
.e..n.s.e«d p«ente«x ^^^^^ ^^^^^^ ,,3,,.3ea, 

.e.aU. of use Of ra ^^^^^^^ 

e.g.. in K. «. Koza. et al ,,,,ed 

The agents according to the ^^^^^^^^^ . 

as x-xay contrast medxa, ^ ^.^^ 

- - — :::: - t.e ..ne-conta... 

^aphylaxis-li^e reactions. ^ ^,o=he.icaX- 

..„ast .e.a. =an detected ^^^^^^^^^^ ^^^^^^^ 

. t.e areas o. ^.^^^ 

—7^^ 3..traction tec^i^es. ^ 

voltages for ^^^^ ,„,,„,.on are 

general, the agents a ^^^^^ 
use as .-ray contrast .ed.a a ^^^^^^^ ^^^^^^^^^ 

. diatriwate in amounts of 0.1 
meglumine-diatriz 

0.25-1 mmol/kg- „„ast' pedia are discussed, for 

.etaii. of use of I^Zl^ tX-Kay Contrast Media, . . 

e.a.pxe. in Bar.e. ^^^^^^^^-^'^^^^ ..CeXer "Binf™ 
..e.e. .ei.i. ^ ^^^^ .,.^..ic .dioiogV. ," 

G. Thieme, Stuttgart, _,ibie to synthesize new 

T -tt has been possicJ- .,its. which 

in general, xt b ^^^^^ ^^lex salts, 

e..ple.ing agents, metal ^^^^ ,„tic medicine, 
open up new possihilitres m d J ^^.^^ ^^^^^^^ 

„,..t ascription, utili^e 

— ^ rt::ir'to\ts ful^st e.tent. followxng 
the present xnv . 



) 



4 7.- A 



t->.^-refore, to be construed as 
. specific embodiments are, therefore, 

preferred specxfx ,,,itative of the remainder of the 

merely illustrative, and not Ixmxtatxve 

disclosure in any way whatsoever. 

=r,ri in the following examples, all 
in the foregoing and m tne tox 

4-0^ in degrees Celsius and 
t-.,r-es are set forth uncorrected xn degre 
temperatures are percentages are by 

vtnless otherwise indicated, all par 

^^"'".e entire :disclosure of . all a^lications, patents and 

cited above and below, and of corresponding German 
publications, cited aco ^ 

KTo 195 25 924.6, filed on July 4, 1995, ar 
Application No. 195 ^s.:^ 

incorporated by reference. 



" f 
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xamplc 1 ' -.^^ino^ -ethyl 1 -amine 

, (500 of axet y „i.ea at 

»re dissolved in dJ-Oii 
«Utbyla»ine are ,,e(FluKa) in 

.,c..oro»e.nane and t.en s..« evaporation .s 

...er reaction is oo...^ • ^ ,,e,,,X 

,er.or»ed durin, ----'J^^^^, ..diu- carbonate solution 

ether, the organic phase ^ ,,,trate is -ix-d «ith 

.„d dried «it. — and dried. 

the precipitate xs f 3-1^ 
hexane, f 4.v«r.-rv^ 

. n63 4 g (88% of theory) 
Yield: 163.4 g 



Elementary analysis: 



>^ist2.C--yloKycar.onyla.ino)-e«^^ 

.rimesic acid triamide ,,,,^,oride (.Idrich) and 

n (50 mmol) of trxmesxc acici 
13.27 g (50 ^ dissolved in 

ai.ethyi.or.a»ide ,,,„d overni.nt 

•„» described in Example i i ^ ^ evaporation 

solution is concentrated by P ^ 
„o. temperature. ,,,...,.,„phed on silica gel 

and the resxaue x=. 
a vacuum, ana ^-x 



with ethyl acetate. 

/fi9 9- of theory) 
yield: ss.'* y ^ 



49 



Elementary analysis: 

n ^.5 24 H 5.95 N 9.92 
Cld: C 65.24 



..„i-lysine" . .bioride and 6.95 .1(50 

3.- " ""IlloLa in OH.. ' 

(50 ^ol) of temperature. ^ 

(Bace., and stirred evaporation .n a ■ 

taction is completed, xt _ ^^^^^^^ 3^,^en out 

the residue is taken up -^'^ .hase is dried with 

vacuum, the re The organic phase i 

«.th diluted ;";„,„.entrated .y evaporation, and 

.odium sulfate, the solvent ,,,tate/ethanol in a 

residue is chromatographed 



step gradient. theory) 
. 10 7 q (57% of theory) 
Yield: ^ * 

Elementary analysis: 

Cld: Ce3.,5 HS.e5 K.S..5 



I 

I 



^^ 24-polyamine based on 
.etely protected benzyloxycarbonyl 2 ^ 
completexy v ivsvl-amino) -etnyx J 

acid triamide Kenzyloxycarbonylamine described 

1..V g (X - Itic acid and mi.ed «ith 

. .ample i. is --^j; .hile being stirred. 

v^-romide m giacxaj- 
33% hydrogen bromia 
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ipitation is completed with 
eo .inutes, the -^^^^^ ^^o.ide produce, is w.s.ed wit. 
.iet.yi et.e., the -—- J ,,,..,..„t reaction 

dried in a vacuum and used 
ether, dr.ed .^^^e, purification, 

described below without I 

,ield: 0.95 , «iuantitat.ve) 

^ . „tri-lysine" described in 
,.e . ..S ^o. o, -;-;^^^^,_.ia.ole and ... . 
sample ic, . X-^ . ^W) - ^ ' 

Uluoroborate .3.. ^^^^ _ ..ed with 
- stirred.or IS ^^^„,,...ne and with 0.. , d 

ml (30 °' ,,,„ibed above, and it .s 

^ol, o. the — — .«er the reaction is 
■ ,,,„ed overn,.ht at room ^^^^^^ . „cuu», and the 
• 4. concentrated by evap 
completed, xt xs con ^.^^ ^^^^^^ 

+.«rfraDhed on silica y 
residue is chromatographe ^ 



acetate/ ethanol (2:1)- 

..eld: 4.55 g (76. o. tneory) 

Elementary analysis: 

^ 35 H 6.71 N 10-52 
Cld: C 64.35 

«o tt 6 57 N 10.29 

Fnd: C 64.08 H 6.5/ 



.dded in drops at 0 c ^ ^,1, of 

ester-p-toluenesulfonic acd salt a 



mnride. The temperature 
. nn 400 ml of methylene chloride, 
triethylamxne xn 400 m ..ition is completed, it xs 

^ exceed 5«C. After addition i 

.0. one ^^^^^ p..se 

temperature. 500 mx ^,^^ic acid. The organic 

10% aaueous hydrochloric acia 

" '''' r Uo.c. e.c. 300 o. ..eo.s 

- o.,ani= P.a.e is a.i.a on 

soda solution and 400 ^-^ ^ ^ 

«a«nesiu» sulfate and evaporated to, dry 

tallies from diisopropyl ether, 
residue recrystallizes ' . ^ colorless crystalline 

yield: 68 . SI , (75% of W °* ^ 



powder 

Melting point: 69-70''C 

Elementary analysis: 

H 7 19 N 4.54 Br 25.92 
Cld: C 46.76 H 7.19 . , 

o A6 91 H 7.28 N 4.45 Br 25.81 
Fnd: C 46.9X n .. 



f 

■ --'^-^^"Tonr:::— do^ 

,0 g (162.2 .»ol, ,o-tetraaza=y=lodoae=ane, - 

.dded to 55.8 -g (324.4 ^ol, °* ^' ' ' „,emight at 

..ssolved in eOO »1 of c.lorof- a ^^^^^ ^^^^^^^ 

500 ml of waT^et 

„o. temperature. ^ ^ ^^^^^ „,,er. 

separated and in each case evaporated to 

^ Is dried on magnesium suliai; 
.he organic phase ^ ...omatographed on silica 

< »^ a vacuum . xne ^ ^ 
dryness in a vai- 
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^i,e; 25% ammonia = 

gel (mobile solvent: =hlo 

*.v.o le) used! o£ ^ 
= r«. of .heorv relative to the le) 

Yield-. 9 ["^ 

slightly yeUovish viscous oil. 

Elementary analysis: 

^ - azabutyll -1 ' * ' ' 

, ,0-U-(Ben.yXo=cyoarbonyl>— hyl . 
9> - ^rarbonylmethyl)-!.*'^'" 

Csodiu. b.=.iae co^-, 
tet.aaza=y=X°dode=ane ^.^^.tert-butyl ester xs 

...ed to .0 . CSl.OS^oX) ^^^^^^^^ 
ana . 3. hours at .0=0. Xt .s 

acetonitrile, and it .s / ..e .iXtrate .s 

..le. to 0»C. the salts are .^^^ ^^.^...ed on sil.=a 

,31 C^obiXe solvent: et y ,„„.e.„ated by 

.motions that contaxn the P .u.opropyX ■ 

. „ and the residue recry 
evaporation, ana 

Yield: 34.62 g v 



powder 



Melting po^^^- 



S3 



, Elementary analysis: 

. H 7 59 S 8.37 Ha 2.74 

Fna: C 54.70 H7.65 H8.24 

,0-(4-Carboxy-l-»e ^„.,,,„„a=yclododecane (sodxu» 
butoxyoarbonylmethy 11-1. 

,.o»ide complex, ^^^^^ is 

30 g (35-85 -»ol> .of palladium catalyst 

„ 1 of isopropanol, and 3 g o"- f 
aissolved in 500 .1 of .sop P ^ ^^^^ 

^A^A It is hydrogenatea ov 
(10% Pd/C). xs added. filtrate is 

catalyst is filtered out, tne 
temperature. Cataiy recrystallized from 

■in a vacuum and reccy^ 
evaporated to dryness in a va 

^'=^":id:- 23.75gC85.oft..ory,-ofaooXor.ss=rysta.Une 



. ^. 225''C (decomposition) 
Melting poxnt: 225 ^ v . 

' f - 

Elementary analysis: 

- H 7 69 H 9-38 "a 3.07 

Cld: C 49.86 H 7.69 

Fnd: C 49.75 H7.81 «.9.25 



1 
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, , ,,<,.3-...hexanoyl) -cascade polyam.de 
24-mer N-(5-D03A-yl-4 ,trilysylamino)-ethyl]- 
"nr^oxy-.en.y.c.y=ar.o.yla»in. ..sc....a 1 
e.o 9 (1 °* ^'^^ ^"''^ „id and mixed vith ; 

.xa»p.e Xd, is dissoxved in^.X.cx^^ ^^^^ ^^^^^ ^ 

33% hydrogen bromide xn giaoxa ^^^^^ ecmpleted with 

diethyl ether, the ^ 

v,r» dried in a vacuvun. ih^ above 

ether and drxed described in Example Xh) 

- 3B.8.^C" '-°^> °5;'^^^--3^^^,3mmoX, ofX- 

,3 .issoxved in .K^. -^-^ ^ -^^^^ ,Pebo= 

.,.roxyben.o.ria.oXe.«xt • J^^^^^^^^ 

Limited, OK) ^^^^ . ^^.^^^^ 20 minutes at room 

ethyxdiisopropyxamine, (X »aoX) 24- 

.emperature. .his --- -- .or . days 

..ine-hydrobromide .entrated by evaporation 

,t room temperature. The ^^^^^^ .^^ ,,,ed 

a vacuum, the remainxng ox ^^^^ ^^^^^^^^^ ^^^^ ^^^,„,^e 

with trifluoroaoetxc aoia, precipitate is 

• -^^ted with diethyl ether, 
and then preoxpxtated wx ,etatpH7, a 

up in vater, seii 
dried in a vacuum, taken up 



D03A- 1.4,-7-tris(car 
tetraazacyclododecane 



boxymethyl)-l'4,7,l0- 
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• „=ad to remove low- 
f^ltration Tnembrane is used r 

..Xecula. portions, a.a tne retentate 
filtered and freeze-drxed. 

.ield: 13.5 , (83* of theory, 

H^O content (Karl-nscher): 

■ anhydrous substance) : 

= ivsis (relative to annyo 

■1 A-oxo-3-azahexanoyl)- 

a.-»er-0d-co.plex o 

cascade polyamide based ^^.^ ^i^^ide 

,„iXysyla»ino,-thy«-tri»es ^^^^ ^„ 

= «™nl^ of the compiexiny 
S.13 g (0.5 »»ol, o ^ ^ Vith diluted 

sample li) ^I . 17 g (6 »»ol) of Gd,o„ stirred 

«rid mixed wxtli 2.1/ y ^ ri*.salinated 
hydrochloric acid, ^^^^^ ^oolinq and desaim 

. -,0 minutes at, 80»C, set at P f retentate is 

" .HICC- Ultrafiltration .emhrane. 

^i.h a YK3 .HXCO. ,,eeze-dried. 
ultimately membrane-f xlter 

/Q2 1% of theory) 
yield: 8.89 g (92.1% 

• ^ rKarl-Fischer) : 9 . 6'6 
H,o content (Kari 

. rT^ac;\ -19.6% 
Gd determination {*AS) 

, native to anhydrous substance): 
, =ntarv analysis (relative t 

Fnd: C 39.98. H 5.51 
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Example 2 v,^nzvl ester 

2-BroBOpropionyl-B chloride is 

53.65 g (313 -"'l' B-alanine-benzyl 

V o"c to 100 g (285 °* 
,dded XT. drops .toe ^^^^^ ^ ^^^^ ,t 

ester-p-tol-nesul^on.= ^^e te»per.t^e 

^iethylaBine in .00 »X of -e V^^^^ ,3 
is not allowed to exceed • „om temperature. 

500 ml of xce water The organic phase xs 

10. a^eous — 3. a^eous 
separated, «as.ed on^ e^o. «.^^^_ - — ^ 

^^arocnloric acxd. ^^^^^ ^^^^^^^ ,,,,.,e and 

water, .ne ..sidue recrystalUzes 
evaporated to dryness xn a 

ftom diisopropyl ether. ^ , colorless crystalline 

. 71 36 g (78* °« theory) OI a 
iield: 71.3«> 9 ^ ^ 

' - - 



powder 

Elementary analysis: " 

H 7 51 N"^^-35 Br 24.80 
Cld: C 48.46 H 7.51 

. 48 29 H7.65 N4.25 Br 24.61 
Fnd: C 48.23 



50 g (155-2 mmol) ,o-tetraa.acy=lododecane 
.aaed to 53.32 g (310 ^ol, of 1. . - ^^^^^ ^^^^^.^^^ 

dissolved in 600 .1 of chloroform, and 



\ 
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f water is added, the organic phase is 
room temperature. 500 ml o ^.^ 
^ ,t is washed twice in eacn 

. „,g,esium sulfate and 

— ^'^^ °"^""rra vacuum. The residue is 
evaporated to --ess 

ohromatcraphed on — J . 
...oroform/methanox/a^eous . ^^^^^^^^ 

Yield: 38.39 g [61% oi 
..light yellowish Viscous Oil. 



Elementary analysis: 

H 8 70 N 17.27 
Cld: C 62.20 H 8.70 

«c H a 81 N 17.15 
Fnd: C 62.05 H 8.81 



v>,vi-2-oxo-3-azapentyl]-l.4'7- 
,0-r5-(Benzyloxycarbonyl)-X-thyl ox 

.hutoKycar.onyl-.ethyl)-l,^^^'^- 
,,is(tert-hutoKy ^^^^^^^^ 

^etraazapyclododecane (sod ^^_,,,,.^,tyl ester is 

31.S g CX63 ^ol) o^-^ J^ ,_.e 2.) 

/AQ 32 mmol) of pne 
..ded to 20 g ^^^^^^^^ 300 .1 of 

a it is stirre-d for 24 hours at 60 c. 
acetonitrile, and ^ ^^^^ ^,,^„^e 

eooxed to 0«C. salts .,.^.to.raphed on silica 

evaporated .o dryness. ^ ^ . ,o/l, . - 

,el (»o.ile solven . . „„«ntrated by 

fractions that con^a^n ^^^^^^^^^ ..isopropyl 
evaporation, and the re 



ether 
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X r.f a colorless, crystalline 
Yield: 31.89 g (76% of theory) of a colo 



powder 



Elementary analysis: 

CXd: C 55.05 H7.70 .8.23 .a 2.69 Br 9.40 
.nd:-C 55.17 H 7.85 N 8.10 Ka2.51 Br 9,30 

.v,^i o>oxo-3-azapentyl]-1.4,7-tris(tert- 
io-r5-(Carboxy)-l-methyl-2-oxo 3 az P 

^ . ^^vl^-l 4 7,10-tetraazacyclododecane (sodxum 

- butoxycarbonylmethyl) -1 , 4 , / , j- 

bromide complex) -, is 

^^ of the title compound of Example 2c) xs 
■ a f35.26 mmol) of the 

, 3 a of palladium catalyst 

dissolved in 500 ml of isopropanol, and. 3 g of P 

. It is hydrogenated overnight at room 

powder 

Elementary analysis: 
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. , 5-oxo-4-azahept.noyl) -cascade polyamide 

- : ; :-.e.a.U.-(«Uv..a„.no>-e..V.- 1 

based on N,N,N' ,N' ,N ,N 

trimesic acid triamide described 

1, of the poly-benzyloxycarbonylamine describ 
«.o , (1 »aol, Of ^'^^^ ,nd Mixed with 

io Td^ is dissolved in glacial a 
in Example Id) ^^.^g stirred. 

diethyl etner, ^ 

...e. and dried in a vacuu-- ^^^^^ 

3S.sa , -ol, Of the ^ ^ ^_ 

^ • nMV mixed with 7.35 g ^.'to 
,3 dissolved .n OMF, ^ ^^^^ ,3TU (P*oc 

United, UK, and "-3 » <^ ^^^^^^^ ^^^^^^^ 

.«.y.diisopropy.a..ne. ^^^^ ^^^^ 

..^perature. «..s so ^ ^^^^^^^ ^ ^^^^ 

amine-hydrobrom.de descr. ,,„4ated by evaporation in a 

^«i«i-lon is concentr^xea wjr 
temperature. The soWt^n ^ . ' ^ ^^th and mixed with 

. ■ „ is cooled in an ice na" 
• vacuum, the remaining temperature and 

. Stirred overnight ar. roum 

trifluoroacetic acid, St ^ne precipitate is dried 

then precipitated with diethyl ether . ^ P 

taken up in water, set at pH 7, a l 
>" a vacuum. J Xow-moiecuXar 

'^^"""^"rthet: htate is ultimately membrane-filtered and 
portions, and tne j.« . 



freeze-dried- 

yield: 14. 4 g (85% of theory) 
HO content (Karl-Fischer): 8.7% 



eo 



Ar-^VLS substance) ; 
(relative to anhydrous 

- , « ..." . 

rnd: C 47.04 H6.23 

...»e.-aa Co.pXe. „..,,...,e..xxsc.- 

easoade poWm^de bas ^^^^^.^^ 

„i amino) -ethyll-""-"^ ^ ^cid described in 

(trxlysvl-"-" ' ing agent acid 

, (O.B »»ol) of th ^^^^^ 
.e 2e, above is set at pH ,ti„ed 
Example 2e) „ith 2.17 g (6 i«° ' desalinated 

.„drochlori= acid, »i^-d . , ,„„Ung 

. , at 80-C, set at pH ^ retentate is 

£or 30 minutes at ^..^^^^ion membrane. >^ 

VM3 RMICON'" ultrafiiwat 
„ith a W3 ei and freeze-dried 

• -telv membrane-filte 
ultimately ^j^^^^, 

. irt. 8.50 g ^ 
Yield. » 7.9% 

.,^0 content C.arl-.is--> 
determination C-S): 

. to anhydrous substance) : 
•s (relative to aiuijr 
Elementary analyse 

, -.9 H 5.52 N 
Cld: C 41.12 H , ^^^^5 

^ H 5.34 N 13. ■'1= 
jnd: C 40.86 H5.3 

alape-ne-l..— ; Cben^yloxV— ^l-a^— J 
3,.,. g aoo °* L^solved in OH.. »i-d m an 

. e described in Example la) - _ ^^^^^..^e (Janssen 

amine desc ,,50 mmol) of digly=oi 
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„i, of triethylamine and then stirred 
^ -3 1 ml fi50 mitvol) or -ex X J 
cnimioa) and 21 d concentrated by 

overnight at room temperature. ^^^^^^^ 

the residue xs taKeii 
evaporation in a vacuum, _ organic phase 

4- with diluted hydrochloric acid, 
and Shaken out wxth dxl 

is dried with sodium sulfate and after the 
filtered, it is crystallised hy adding he»ne. 
Yield: 41.4 g (85* of theory) 



Elementary analysis: 

Cld: C 59.13 H-6..00 H 8.62 

Pnd: C 58.99 H 5.93 H 8.70 



„ H.'.-TetraKist8-(henzylo:cycarbonylamino,-6-C2- 
'1 , ,,,,,, .5-oxo-3-oxaoctanoyl}cyclene 

3,.., <^ toluene, .solution of 

rluKa) is azeotropxcally dehy ^„„^i,^3- 

of H N'-bis(benzyloxyfarbonyl) 3 

,.88 g (10 -»ol) of H,« 5.aiamine [Example 3a)l xn 

Ccarboxymethoxyacetyl] ^ ^.i, of 2-ethoxy-l- 

/mHT?\ as well as z.*' v 
tetrahydrofuran (THF) , ^ p^^a) are added to 

1 1 2-dihYdroquinolxne (EEDQ, 
ethoKycarbonyl-l. ^ ^^^^^^^ ^^^^ temperature, 

_the cooled solution of cycl ^^^^^^^^ ^^^^^^^^ 

and it is stirred overnight, ^ ^^^^ ^^^^ 

^■^r^^tated by adding hexane, u 
the product is precipitated ^ ,j„^/hexane and then 

=o^eoioitated once more from Tat I 
solvent and reprecipi ^ ^^^^ 

i-Fter drying m a vacuuu , 
from THF/toluene. After a y y 

. a nale yellow solid is obtained, 
theory) of a pale yex 
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Elementary analysis: 



. . .e«yloKy=ar.onyl-3a-Polya-- based on 
i«i-elv protected benzyxo^^r 
completely P ^^^..^isdysyl) -lY— 

32-amine condensed with IT, 

vT# N" w'"-tetrakisl8- 

in ExaBpW '3b) d.ssolv _ ^ ^^^^ „hUe being starred. 

33% Wdrocren Wo»ide in glac« ^ ^^^^.^^ ,,.,ieted with 

- "\"X-J-b.o.ide ..educed i. vas.ed 

aieml ether, the octa-a..ne V ^^^^^^^^^ 

Mrled in a vacuum and used i 
„ith ether, dr.ed purification, 
described -belov without further P ^ 

Vield: i. 6 g (quantitative) ^ 

■ i„=ina'i described in 
,s o€ the protected .tri-lysme 
, (XO -»oi) o, the P ^ ^^^^^„^,„,,,,ie and 3.. g 

..ample xc), l.B . "[ ^ .,.,,,,3,3,-tetra»ethvlur=ni>^ 

(iO »»ol) ot 2-(lH-benzotrxa.ol- Y „^ 
...ra.uorcborate<«^;---^^^^^^^^ 

- — - .aiisopropvi.-i.e and with i.e g . 

.i C30 ) ..ecribed above, and it 

^ol) of the octaa«.ne hy ,3 

at room temperature, 
stirred overnight ^,,p,„,ion in a vacuum, and 

completed, it is concentrated 
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res 



1 lea qel with 
iaue is chromatographsd on s.l^" 

dichloro.ethane/methanol (10:1)- 
Yield: 6.0 g (72% °t theory) 

. Elementary analysis: 

,,,4, C 63.32 H6.76 M 10-74 
. :p„d: C 62.98 H 6.91 « 10-43 



,«ovll -cascade polyamide 
•. < „,ro-3-azahexanoyl) 
, 32-»e. H-(S-003.-yl-4 «o ^^^^^^^ 

4.V.O 52-mer amine aescj-x 
,..ed on -3,.„.,.benzyloKycarbcnyla«xne 

. S8.35 g (1 of „,^oial acetic acid and 

i» 3ol is dissolved in glacial 
described in Exa^pl^ 3c) „iacial acetic acid while ■ 

„,.ed vit. 33. .yarogen bromide in g^^^^^^^^ ^^^^^^^^ Is 

.eing stirred, .fter 3 hours, ^ ^^_,_,,,...ro»ide produced 
.o»pleted vith diethyl eth^ - 

- washed With ether - « j . 

"--^*^™°"°;";,3,(e;-i,o.i- 

..ssolved in ^^'J^^H ^ , ^o., o. .BXU 
,,droxyben.otria.ole^- ^^^^^^^^^^^^ 

U.ited, \ -U, stirred for 20 minutes at room 

H-ethyldiisopropyl-i-. - ^ ^^^^ 32- 

,e»perature. .his solution is then^ ^ ^ ^^^^ ^^^^ 

cr-ribed above ana s-citi = 
amine-hydrobromide descr „t^at4dby evaporation in a 

••»'7^::,°:rr..\=. - ■» 

vacuum, the remaining oil temperature and 

IX Btlrred overnight ai; t 
trifluoroacetxc acid, precipitate is drxed 

^nitated with diethyl ether, 
then precipitatea 
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taken up in water, set at pH 7, a VM 
i„ a vacuum, taken ^^^^^^ ,„„.„ole=ular 

portions , and tne r . 
freeze-dried. 

Vield: 17.2 g (76.4% °« theory) 

H,0 content (Karl-TUc*'--)-- ^-^^ 

. rr^lative to anhydrous substance) : 
Elementary analyses Crelatxv 

n45 73 H6.12 N 15-08 Na 10.61 
Cld: C 45.73 n 

n .5 89 H 6.30 N 14,84 Ha 10.31 
Fnd: C 45.89 . n . . 

1 A-r,vo-3-azahexanoyl)- 
, „ „<> N-(5-D03A-yl-4-o''° 
, -.2-mer-Gd Complex ot w I fl-,cribed in 

^' .„e based on the 32-mer amine describe 

cascade polyamide basea o 

Example 3c) . ,_»nt acid described in 

,^1 V of the complexing agent aoi 
10.4 g (0.5 mmol) of 

+- at dH 3 m water wxv-xi 
Example 3d), above is set P ^ 

^yarochloric acid.. mixed with . . ^ ^^^^^^ ^ ..salinated 

^4- RO"»c set at pH 7 arter 
. for 30 minutes at 80 c, ^.^brane. The retentate is 

a YM3 AHXCC- Ultrafiltration .embrane 

.^rane-f iltered a^d freeze-dried. 
ultimately membrane ri 

Yield: 12.1 g (91.1% of theory) 
H,0 content (Karl-rischer) : U • 0% 
Gd determination (AAS) : 18-6% 

nalvsis (relative to anhydrous substance) : 
Elementary analysis ^r 

o« H 5 39 N 13.28 Gd 21.30 
c 40.26 H 5.-*^ 

H 5 21 N 13.04 Gd 21.03 
Fnd: C 40.10 H 5.21 
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. complex is Obtained analCOUsXy with V.,(C0,,3= 
The ytterbium complex xs 

• .r-^lative to anhydrous substance) : 
Elementary analysis (relative 

H5.40 Yb 22.65 

Example 4 ether-p-toluenesulf onic acid 

Hexaethylene glycol monomethyl ether 

^^^^"^ n^^onic acid chloride is added 

«^^ of D-toluenesulfonic acxu 

in portions at 0 C to J ^^^^ „,.,,,,a.ine in ZOO »X 

— ^ . .o«s at t.is 

Of chloroform, and it vacuum, and the 

Tt is evaporated to dryness in 
temperature, i ^^.^^ solvent: 

residue is chromatographed on silica g 

chloroform/methanol = 5/1). ^ s^^^^^^^^^' ^^^^^^^^ 

fi7 a (91% of theory) o^ a sne 
Yield: 27.67 g ^i*-^* 



solid 



Elementary analysis: 

Gld: C 53.32 H7.61 S 7 . 12 



azapentan. ,.,,,,„.3- (ben.yloxy) -propionic acid 

76 g (326.1 l-ol) Of 2 on ^^^^^ 
..l.ide (produced according to Xnorg. C.e.. Vol. 
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of alYcine benzyl ester 
^-r^ TOO a (296.4 mmol) ot gxy^ 
^c; added in drops to 100 g 

is aaaeu ^ 0 a (326.1 lamol) of 

"^^rr: z:^^ — -° °^ " 

stirred for 2 hour ,t pH 2 with 10% aqueous 

.ddea, and the water phase x ^ „aihed once 

• «r,irj The organic phase xs f 
hydrochloric acid. Tne y 

each With 300 «X o. . a^eous h.droch ac^. ^^^^^^ ^^^^ 

.^eous soda solution and " ^^^^^^ . ...uu». 

^,ed on .a,nesiu» sulfate and ^^^^ ^^^^ 

residue is chro«ato,raphed on sxl.ca gel 
,,,,,,ene chloride/he.ane/acetone = ^ 

neld: 7S.07 , (70% of theory) Of a pale y 



viscous oil 



Elementary analysis: 

C .3.0, H S.57 K 3.S7 CI 9.30 
C 63.17 H5.65 H3.75 fcl/9-63 



Fnd: 



,.t..,Ben.yloxycar>»nyl)-l-(-n.ylo^ethyl,-2-oxo-3- 

a.ahutyl,-li4.7.l0-tetra^— ; 

* <-itle compound of Example •* / 
70 g (193.5 miuol) of the title c 

of 1 4 7,10-tetraazacyclododecane are 
11.1 g (64.5 mmol) of 1,4, ^ ^^^^ 

, ^ in 70 Bl of dimethylformamide and stirre 
dissolved in 70 ml _ ^^^.^^^ ^3 

Tt is evaporated to dryness in a vaqu 
" 700 ml of vater and extracted twice with 250 ml of 

,3,.esium sulfate 

Chloroform each. The organic phase i 
and evaporated to dryness in a vacuum. 
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viscous, colorless oil 

Elementary analysis: 

Cld: C 65.17 H7.9 

« T -77 N 14.1° 
F„d: C 65.24 H7.77 

v>onvll-l-(''«-Vl°>^-*^"-'-°"°"' 

azabutyl]-1.4. bromide complex) 

.e«aazacycl=dode=ane (sod. ^^.^...^-butyl ester .s 

«i\ of bromoacetic <i , .^a 

16.81 g (86.2 mmol) ^^^^^ ^^^^^^^^ Example 4c) 

.dded to 13 . ;lJ....onate in 200 ml ■ 

..d ,.1* . "^^td .o^- — - 

.cetonitrile. and it st 

..oled to O-C. salts - .^omato^^pW on s.l.ca 

evaporated to dryness. = .5/1) • 

"":re"dr°r.46 . ^ 

Elementary analysis: ^^^^ 

Cld: C 57.32 H • ^ ^ ^^3.^ 

u 7 51 N / • ^ ' 
Fnd: C 57.22 H "/.SI 
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^endium bromide complex) 

3 a of palladium catalyst ^i" « , 

^ -1 Ar^^ in 300 ml of 

catalyst is filteraa out, the _ 

a vacu... .na t.e .esiaue «c.,s aU« ^ ^^^^^^^^^ 
Vield: X3.06 g (B5% of theory) of a CO 

powder 

"^t: rT;::3 . ...3 .a 3.00 b. .0.. 

Fnd: C 48.71 H 7.t> 

Honvl^ -1- (hydroxymethyl) -2-OXO-3- 

tetraazaoycxoaoaeoane 

. 3.« , UO - ^-^^^ """^^ " I , , <XB.7. , 

Of the titxe =o.pouna of^E.a.ple 4e, and 

.tractea -^^ J- ""^^^ „.th «ate. a.iea on 

^-^^^rrfrte a- e.apo.atea to dryness Xn a vac... 
magnesium suxiav. 
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.,,.aael (mobile solvent: ethyl 
.esi.ue is c..o.ato..ap..a on s.l.o. .e 



.cetate/ethanol) . colorless, viscous oil 

,Uld: 9.97 g °* 

Elementary, analysis: 
Cia: C 60.86 H 8.*7 
Fnd: C 60.95 H 8.61 

heneicosanoyl)-2 io-tetraazaoycl°a°*^°^"^ 
.utoxycartonylmetnyl)-l. , , ^^^^^^ 

-.1 \ rtf the tii--»-*= ^ 
S., g (12.93 m»ol) „f sodl<» 

— ^ - - - raid : -lo'c. » - — 

30 minutes at 0«C. Then, ll.* J .od.de 
— - _i,t .oo. temperature 3»1 

added. " «,en evaporated to dryness. The 

water is carefully ^ ,„„,ue solvent: 

„sidue is chrom— ^ - 

chlorofor»/»ethanol = -^J^-^^^^^^ ^ 3„Ud 
Yield: 12.1 9 ^ 

Elementary analysis: . 

r 59 57 H 8.72 N 6.81 
Cld: C 59.5/ 

^= M 8 91 N 6.62 

Fnd: C 59.65 H 8.91 



..ssoxve. in 300 -X . P ^ ^^^^^^^^^^ a. .o=. 

^-/C> ou.. an. .iX.ra.e is 

- evaporated to dryness, 
acetone/diisopropyl ether. ^ 
^ield: 10.18 g (93% of theory) 



Elementary analysis: 



a4-»er Gd ccplex of ^'-""'^isanU) -""^^ 

v.io,i3.-.-".----°7^:^r-(triiysyi»ino>--^^ 

. „i»esi= acid triamide^ ^ ^^^^^^^^^^^^^^ 

, ,1 .»ol> '^^^^^ ,iaoial acetic acid and 

described in Example id) ^^^^.^ ^^^^ „t,ile 

.ixed With 33. hydrogen — precipitation is 

.ein. stirred. Xf-r 3 hours, ^^^^_^^,„,„„,ae produced 

completed «ith diethyl eth« ^ ^ ^.i, of 

is washed with ether and dr _^ 

.he acid described in --^;;'^;.^^,„,,,.„..„ia.ole . wit. 
.ixed with 7.3a °^ ^ 
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. ^ nK) and with 49.3 ml 
-.X nf TBTU (Peboc Limited, UK) an 
15.41 g (48 mmol) of TBI stirred for 20 minutes 

,.3S :«o., 0. --^-"-"f^^J,, ..... «... ..e ..ove 

This solution IS 

at room temperature. Tn ^ ^^^3 ,t 

..3cri.ea (X>-o., 3.-a.ine _,.„..on in 

The solution is concentra 
room temperature. ^^^^^^ .^^ ^^^^ ,,,ed 

. vacuum,. the remaining ox ^^^^^^^ ^^^^^^^^^ ^^^^ temperature 
with trifluoroacetic aci , ^^^^^^ ^^^^^^ precipitate is 

and then precipitated with diethy ^ ^^^^ 

+-aicen up in water, sex, <^ f 

a.ied in a vacuum, taken ^^^^ 

-,^,1 mixed with 8./y y v 
l.ydrochlor.= acid, »xk ^ ^3 

fo. 4 hours at 80-C, set at pH ^^^^ ^^^^ i„„.„olecular 

„_ne..iitered and 

portions, and the re 
freeze-dried. 

.ield: 19.6 g (73.3% of theory) 

H,0 content (Karl-Fischer): 8.3% 

Gd determination (AAS) : 1^.0% f . 

. ^relative to anhydrous substance) : 
Elementary analyses (relativ 

« 38 N ^.43 Gd 15.39 
Cld- C 43.94 H 6.38 

H 6 22 H 9.29 Gd 15.09 
Fnd: C 44.27 H 6.22 

Example 5 ' ^ a T-triazaheptane 

.,V.Bis(trifluoroacetyl)-l,4,7^^^^^^^..^^^^ ^^^^^ ^^^^^ 

113.3 g (790 mmol) of tri ^^^^ 
^« a solution consisting of 41.14 g ^ 
added in drops to s ,,,,,,,,rofuran at 80^0 and 

1,4,7-triazaheptane xn 350 ml 
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W evaporation In a vaouu.. 
' c^staUi^ed fro. hexane. 
remaining oil is 

.iexd- g (5^-9* °* ^''^"■^^ 

fiR - 70°C 
Melting point: 68 

, .4^benzyloxy=arbonyl-l . * - 7- 
1,7-Bi.Ctrifluoroacetyl) 

«,..a..p.ane ^,,,,,„,.e.vX co»pouna produced 

14.75 g C50 -"'ll °* of «ietl.ylamine • 

Kxa^ple Sa) as ^^^^^.^oro...^^^ ^'^^ ' 

... aissoxvea in xao of -o ^^^^^^ 

.eing s.ir«a. -^"^^ is now adde. m 

' " ovemigl a. roo. .e.p.ra..«. 

sa«s are extracted wi^^ _ ^ dryness in a 

..... is - - 7^:rU.a from et.r.exane. 

..cuum. an. t.e residue ^^^^ 

yield: 18.40 9(85.7%° 

Heltlng point: 131 " 

Elementary analysis: 



3 . ,-«U.aun.ec.n.aic«.oxv.- - ^^^^^^^ 
' +.-rif luoroacetyj- '-^ 

, (XO ».oX, c. «..X ^^^^^^^ 

^,e. ..-pxe 3oXuUon in XO »X c. 

...UXea «a.«. .o. .a.n .e.pera.^e. 

ovated to dryness in a . aistiXXation vith 

evaporated ,,4 '^y azectropxo dxstx 

residuai water is rem ^ di„.thyXfor»a»ide. 
UopropanoX and taXen up m 30 

of potassium carbonate as _ . 

(50 mmoXl of po ^.t^en addea 

Lomoacetic 7^^.,... is aX>.Xated at room 

.....yXo.=ar.onyX-..-»^^^^^^^^^^^ ,3 t.en dra^ o. 
,e„,.«ture overn«.t. ^ ..^persed between vater 

.n oiX pump vacuum. ,,,ed on sodium suXfate 

^-inp organic solution ^ „urif 1©'^ 

dicWoromethane, the org ^ ,3 purx 

^ /.r-vness in a vacuum, eluted with 

evaporated to ^^^e titX^ compound is 

chromatography .J obtained as fbam. 

r;.3.. o.theory> 



Yieid: 6.49 9 >. ^ 

EXementary anaxysis: 

C62 32 K8.57 S 

Cid: C 



, d ir, 100 »1 ot ethanol, ^..^^og^nated until tUe 

dissolved \ ,„ted carbon) -nd hy« g 

catalyst U taken up. catalyst - « 

. „ amount ol hydrogen is compound « 

oft and evaporatea _ 

. ^ ,a white foam, 
obtained as ^^^^j 

yield: 2.80 5 .(99-9 



Elementary analys 5, 
Cld-. C 60.08 H9.5 



Fna: - - 

. 9-triazaundecanedxoxc a under 
etuyll-^'^'^ compound producea 

of the amino coBtj . g 
5.60 g CIO mmol) eLimethyU ormamide. 

is dissolved in 30 , ^ol) of 

""-"rr::.- - - « 

^ acid ethyl ester ar poured on 

o-bromopropionic acxd ^^^night. It is then P 

^ is stirred overniy solution is 

*.„-re and It 1^ x.v^g organic s"-^ 

temperature, a ^ acetate, the y 

4-^acted with ecn^^ ^ a vacuum, anu 

ice water, extracte dryness in a 

^ -.^^.^-e evaporat.ea ^iiica g^^* 

- -^^^ tls o taihed by Chromatography on sUic 
^^"^ Telyl -ate,he«ne is used as eluant. 



1 

I 
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Elementary analysis: 

Cld: C 60.07 H 9.32 N 6.37 

rnd: C 60.18 H 9.40 K6.31 



.Bls(te....u.o.ycar.onyl.e..yI)--t-(--^ 
f) 3,9-Bis(tert ,eid<di-tert-butyl ester 

3,e,9-triazaundecaned.o.c • ^^^^^^^ 

-.N o-F tlie compound producea 

. . cn Tnl of ethanol. me 
is dissolved in 50 ml distilled water is then - 

sodium h,d«.ide ^ » ^^^^^^_ ,_.i„, to the . 

" " i saponification is quantitative. Xt - 

.hin-laye. ch«mato,«m. th P ^^^^^^ ^^^^^ 

is evaporated to dryness ^^^^ 

codistillation «ith ethanol^ ^^^^ 
i„ . vacuum. The title <-^-^-^^^ .et ethanol 

remaining white residue a ^^^^ 

..... .» - J— « „ 



obtained as foam. 

yield: 5.35 g (B4.7% of theory) 

Elementary analysis: 

Cld- C 58.93 H 9.09 N 6.65 

Pnd: C 59.01 H9.16 K 6.60 



sodiuB s.lt >,.nzvXo=cycartonylaT«in^ described 

e.o . (. - 1..= .c.d .nd »ixed 

.«.p.e .dV e-oxved ^^^^ ^^^^ ^^^^^ .,,„ed. 

33* nvdrce. .reside .s co»ple.ed 

. the Incipient precip «ashed with 

After 3 hours, the , ^^^^womide produced « «a 

end dried in a vacuu»^^ ^^^^ ,...p.e s.,^^ 

-: 30.33 g °* , 35 g (48 T»ol) of 1- 

dissolved in DHF, -ix«* - " ^^^^ (peboc 

. vitli 15.41 g 
hydroxybenzotriazol , ^_ 

^ «^tli 49.3 ml . *. room 

^i„ited, IK) and with ^^^^^^^ 20 minutes 

emldiisopropyxamine. and ^^^^ ^^^^ ^o,, 
temperature, .bis — ^ .s stirred for . days 
^.„e-hydrobromide ^^trated by evaporation 

.com temperature. «>e .ath and mixed 

. vacuum, the remaining oil ^^^^^^^^ ^^^^ ,^„,,„..re 

•^h trifWoroacetic acid, sti precipitate is 

with triii ji.thvl ether, me 

then precipitated "-J-^^, ,„ „ a ^3 ^i- 

^.ed m a vacuum. taXen up in ^^^^^^ ,_„,..ular 

..trafiitration ^ ^ ..timately 

portions, and the retentate 
freeze-dried. ^^^^^^^ 
neld: 11.0 9 (»«-^* 
„o content CKarWl3=^-> " 
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..e.en.a.y analyses ( 
, ,,.„.r-Gd complex ot < ^^^^^ ^^^^^ ^„ 

^ , 3 in va.er diluted 

..a»pxe sg, a.=ve is P _ _ ^^^^ 

,,..ocnX«ic acid, -ixed -X .^^^^^ ^^^^^^^ ^_,,„.,ed 

30 .i.«- - -'^^^^.^^ ..^.ane. «.e..a.e is 

with a YM3 freeze-dried. 
n.-.ately membrane-filtered and f r 

a 0 g (90-5% °^ theory; 
Yield: 8.0 g v c% 

H o content (Kari r . , 

^ /TVA*?-*- 21.0* r 

determination (AAS) • 

.X,sisCr.Xativetoan.vd.ou.su.stan«,- 

.xe-entarv anaXV- ^ ^ 3.3s 

~ Fnd: C 35.71 H 4.6 
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Example 6 

a, 3,9-Bls(ter , , , s-triazaundecanedioic acid-da.- 



....-bu.y. es.e ,„..„d under 

Example 5d) U dissolved „ ^ 58 g »»°1> 

o. P---^=— . and s..ed 

overnight. It is then p ^^^.^ sulfate, 

ace.a.e, .ne «.an.= solu..on . ^ 

..apo.a.ed .0 d^ness in - ; ^ 

Obtained by =.>ro.a.ograpby on s.l.ca gel. 



.cetate/hexane is used as eluant. 

yield: 6.32 g (89.3% of theory) 

Elementary analysis: .. 

C^ei, C 64.65 H 9.00 H 5.95 f 
rnd: C 64.62 H 9:07 H 5.90 



^ „tliyl) -6-carboxymethyl-3 , 6 , 9- 
, 3,9-Bis(tert-butoxycarbonV--J^r^^^ 

...azaundecanedioic a=.d-d. J 

«i v of the benzyl ester pro« 
7.08 g (10 mmol) °* ^ , Of pearlman's 

^ • mo ml of ethanol and mixed wi 
dissolved .n 100 ml ^ ^^^,„,,.a until 224 ml of 

catalyst (Pd 20*. c, . I 

<e <-aken up, catalyst is & 
hydrogen is talcen ^.^porated to dryness in a 

«ith ethanol, and the solution is 



\ 
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vacuum. The product 3.S 

- 75**C 

Melting point: /-» 



Elementary analysis: 



w o r.arboxymetliyl) ) -ammoethyl] 
>. >i-^N N-Bis[2-(N,N-b3.s(carboxym 

,Xycyl>-cascade.polyamxde based 

. Tixample 3c), sodium salt 
.escribed .n .xa.p ^ ^^.^^„,^,„^„Xa»ine 

,.33 , ^o. - ^^^^^^^^ ^^^^^^^ ^^^^^ 
described in E-mple 3=) acetic vhile . 

.ein, stirred, ^ter 3 ».=-s. , _ produced 

- washed «i.. ---- ^a.p.e above 

59 5 g (64 mmol) Of tne a 

Q a a (64 mmol) of i 
. r»Mv' mixed witti 9.8 g ^« 
- -sscved .n 0^. 1- ^ ,,eboc 

I,i»ited. UK) and w.tn 65.7 ^^^^^^ ^.^^^^^ 

etl.yldiisopropyla«ine. and x ^ ^^^^ i»ol) 32- 

,,„p.ra.ure. This soXu..on .s ^^^^^^ ^ ^^^^ 

..ne-.drobro»ide ^ ' evaporation 

Tir: - - - - 

in a vacuum, tne c 



i 
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an. .ne. P.^=^P— "^^^nHle. se. PH - ^ ^ 
^ied in a vacuu., «Xen P ^^^^^^ ,,„-.olecular 

„,«a.U«a.icn " „e».rane-.Ute«a and 

portion., ana ..e .e.anta.e .s 

Yield: 15.7 g V 
H^O content (Karl.i^ 

. anhydrous substance) : 

ntary analysis (relative to anhy 
Elementary a „ ,o 33 Na 12.14 

r 41 77 H 5.24 N 12-33 
Cld: C 41.77 • ^ ,2 49 Na 11.^3 

Fna: c H 

*-Ko 32-iBer amine 
based on the 3Z » , 

n- ■'^ *■ »cia aescribea in 

■ " ■ u of the oomplexing agent acid 

.0.0, CO.^-°^V°* „ith diluted 

^a»ple ec, a.ove is set at p ^^^^ ,,,„ea 

. ,^id mixed wxtn g V .nd desalinated 

hydrochloric acxd. pH 7 after cooling and de 

^ routes at 80°C, set at pH retentate xs 

for 30 mxnutes ^.^tration membrane. The r 

v«3 AMICOH^" ultraf xltrati 
with a YM3 AiaJ. f reeze-dried. 

. telV membrane-filtered and fr 

\o 9 g 00-^ of theory) , 
Yield: 10.9 g V 

V /Karl-Fischer): 9-^^ 
HO content (Karx 

Gd determination C^^S) . 
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analysis (relative to anhydrous substance, 
Elementary analyses 



f 

I 
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r-^^nr. With an Extracellular contrast 
Example for an In Vivo Comparison vxth 



Medivutt 



A /qoen-ribed in Example Ik) as 
Ihe suitability of the compound describefl 

is shown in the following test. 

-e .ale .ohe^n.-S., .ts that 300- 

1 the intestines a.e shifted and then the renal vessels 
opened, the in ^^^^^^^ ^^^^ 

f arterial + venous) of both sxdes are iig 

(arteriai. abdominal cavity is 

..(vv, 9 suraical needle, inen, 
peritoneum with a surgi following 

•„ 0 3 ml (respectively 50 mmol/L) of the loi 
closed again. o.J mi Kt-^^t- 

„«ast medium solution per animal is then administered 
contrast med ^^^^ 

intravenously: mixture ox x y . no-ri- 

1 below, and the dysprosium complex of 10 (1 
ik^ named compound 1 beiow, ai 

n A 7-tris(carboxymethyl)- 
^v,.ri-9 3-dihYdroxypropyl)-l|4*7 trxs^ 
hydroxymethyl-2 , -J axuy j*- ,„ the 

lor^odecane produced analogously to the 
14 7,10-tetraazacyclododecane, pr 

1,4,/,-!." / named 

.^structions in ^ropean .atent ^^^T^ ^ ^^^^ 

. 2 below. Bloo^ samples are taken with a 
compound 2 below. ic 30 45. 60, 90 

V.., artery at the following times: 15, 30, 45, 
common carotid artery at. v. 

. 0- i in the blood samples 

3 5 10, 15 minutes p. 1. in ^ne 
seconds, 3, 5, i"r dysprosium 

^^«tT-ations of gadolinium (Gd) ana aysp 
obtained, the concentrations o g ^^trometry 
measured with the aid of atomic emission spectrometry 
(Dy) are measured wii^n portion of the 

<XCP-..S, in each case in- a parallel manner. The porti 
Uected contrast medium of compound 1 ,CdV and compo^ (Oy . 
comparison substance, , remaining in the blood space, can 
comparison . „ _ ^he different marking, since a 

compared in the same animals by the diff 

,enll excretion is not possible, the decrease of the blood 



S3 



^ J to a distribution in the 

concentration can be attributed only to a 

. to the diffusion in the interstitial t.ssue. 
blood spaces and to the i„terstitiu» is 

ggg,^ The diffusion of compound 1 in 
considerably slowed-down in comparison to an extracellular 
contrast .ediu. compound a (see Figure 1) . 

.he extracellular contrast .ediun (compound 2) diffuses 
,uic.ly into the interstitial spaces of th. body so that as 
any as after 3-S .inutes p.i-. an e^ilibriu» ^ 
.displayed by constant blood level,, m contrast to this, not 
(displayed y ^ „nc.ntrations measured with the 

only are constantly higner ^ 
cascade polymer (compound , (reference to ^ ^ ^ - 
distribution, . in addition no e^iUbrium is reached ov^ the 
entire examination period of 15 minutes (reference to diffusion 
1 interstitial tissue proceeding only very slowly,. ...s means 
that compound 1 behaves as a blood-pool contrast medium. 
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^ A ^\ and DY (compound 

^-F Gd (compound 1) ana uy v 
blood concentrations of Gd ( 
Measured blooQ vessels 

fn = 5) with legated renal 
2) in rats (n =>> 



[Key:] 



zeit [min. P 



. p.i.] = Time 



[minutes p-i-3 




Zeit [tnin. p-l-l 
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Evample of an KB. Angiography on Babbits 

Example studied on rabbits 

The compound cited under Example IK was 
,CH K. Kissie.,, «... - -V weight, in an MK ang.ographv 
::.i„ent COan...rper .«hoie-Bodv3 ^ SV^^em Siemens V.s. n, 

r"Tn ^.rprecontrast picture ...T^- -V one to two ^ 
. lxsarevisibie-(e.,.,abdo«inai aorta, in relatively 

Ta t s gnal intensity SX o. these vessels against the 
,cor contr St , g ^^^^^ ,„ol o. Od/.g o. 

background). After i. -marked 
. iaht of the compound, described in Example Ik, a marked 
body weight of the background, and 

. increase in contrast (SI of the vessels/SI of t 

•de variety of minor blood vessels and capillaries (e.g., A. 
. „ide variety „udalis, and V. 

.nd V. femoralis, A. ^ 
renalis, A. andV. subrenalis,.etc.,, wh 

. ■n-lstration of contrast medium, are visible, 
before the administration oi _ f 

■ ' I 
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KKample of I-ymplx Noae accumulation in Guinea Pigs 

.ne compound acco..in, .o t.e invention that is cited under 

.d.ini.«ation ,X0 .moi o. .adoiiniu,/., o. .od. vei.Ht, ..nd pa„ 

^^^■mniete Freund's adjunct; m 
s c ) in stimulated guinea pxgs (complete Fre 

elcn case O.X .X i- - 

. „ee.s .ef ore administration o. tne test substances, to 
determine its Xymp. node accv^uiation in t^ee successive i^p. 
• „cde stations (popiiteai, in^lnal, iliac,. Xn t..s case t.e 
- ,esuxts listed .eXo« (determination of ,adoXinium accumulation 
With the aid of ICP-AES, were obtained: ^ 



Time of 
Lympli Kode 
Removal 



■i-4.^«Ti i-n Three successive 

Gadolinium Accumulation xn Tnree 

Lymph Node Stations [^mol/l] 
[% of Dose/g of Tissue] 



30 min p. 1 




1 Popliteal 1 


Inguinal 1 

f\ 


Iliac 1 


1 921 >imol/l 1 
1 20.1% 1 


387 /imol/l '1 
8.5% I 


215 /imol/1 
4.7% 


1 659 Mrool/1 1 
14.4% 


120 jimol/1 
2.6% 


68 

1.5% 


1 176 pimol/l 
1 3.9% 


1 79 ^imol/1 
1 1.7% 


47 fjtmol/l 
1.0% 


1 62 /imol/1 
1 1.4% 


1 13 fimol/1 
1 0.3% 


1 28 ^iinol/1 
1 0.6% 



Ratio 



10:4.2:2.3 



10:2.1:4.5 
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be repeated with similar success 

substituting the gene.xcal V ^^^^^^^^^ ^^^^^ 

.eactants and/or opiating condxtxcns 
used in the preceding examples. ^ ^^^^^^^ 

.he foregoing deacrxptxon, ^^^^ 
easiXV ascertain the essentia. " ^^^^ _ „..e 

„a without departing fro. the spxrx ^^^^ 
various changes and .odif icatxons of 
various usages and conditions. 



